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ABSTRACT
In-vivo and in-vitro studies were conducted to measure 
bioavailability of iron from beef and beef-soy mixtures. The effects 
of cooking temperature and method of cooking were investigated.
Animals absorbed non-heme iron better than heme forms and 
utilized iron contained in beef-soy diets as efficiently as that 
contained in beef diets. Colorimetric iron values of 17.18, 6.0, and 
9.02% were obtained in raw, broiled and microwaved beef samples, 
respectively. A similar trend was observed in beef-soy mixtures when 
analyzed raw (11.03), broiled (6.32) or microwaved (2.21). Iron 
contained in beef-soy flour mixtures was dialyzed in a larger 
proportion (16.60%) as compared to mixtures containing soy 
concentrate (4.66%) or isolate (1.99%). The amount of beef present 
in the mixture also affected colorimetric iron. Non-heme iron 
content of beef increased from 3.20 yg/g in raw samples to 5.51 yg/g 
and 7.79 yg/g in microwaved and broiled samples, respectively. A 
significant correlation (P < 0.05) was found between non-heme iron 
and cooking temperature. Distinct electrophoretic patterns were 
observed in raw, broiled and microwaved beef samples, as well as, for 
beef-soy flour mixtures. Microwaving resulted in a larger number of 
more clearly defined colored bands. A low molecular weight protein 
fraction was always present in microwaved samples. No correlation 
were found between non-heme iron determined in vitro, and either 
cystine, glycine or histidine. Method of cooking and type of soy 
product affected the amount of several individual amino acids and 
total amino acids contained in beef-soy mixtures.
x
INTRODUCTION
People have become increasingly concerned about nutrition in 
recent years with nutritional problems differing among countries. 
Over- nutrition causes problems as severe as under-nutrition. People 
suffer from cardiovascular related diseases as well as hunger.
Among nutrients that are considered of major significance in 
world food problems is iron. It is the fourth most abundant element 
and the second most abundant metal on earth. It exists almost 
exclusively in the oxidized state, and consequently, its availability 
to humans is limited (Bothwell £lt al. , 1979). Iron deficiency is 
recognized as a primary cause of malnutrition in many areas of the 
world. Dramatic incidence of anemias are encountered in Africa, 
South America and Asia in all segments of the population, but 
especially in children. These problems are magnified by the scarcity 
of food, type of food ingested and parasitic infestations (Cook and 
Monsen, 1976b; Ershoff, 1978).
The protein in soybeans is considered of excellent quality in 
terms of amino acid content among proteins of vegetable origin. 
Economically, soy is also the most important protein among the many 
that have been explored (Wolf and Cowan, 1975). The development of 
non-animal sources of protein is considered important to the future 
of the human race. An expanding world population and an increase of 
malnutrition mandates the development of low-cost products of a 
comparable quality to animal proteins (Wolf and Cowan, 1975). Since 
meat is expensive as compared to vegetable protein products, the 
search for substitutes will continue (Jensen, 1981). The use of soy 
products as meat extenders have been of tremendous importance to the
1
2world. During the 1970's the USDA Food and Nutrition Service
permitted the use of up to 30% rehydrated textured vegetable products 
to extend meat in the Class A School Lunch Menu. Simultaneously, 
hospitals and other institutions have increased their use of soy
products with meat (Williams and Zabik, 1975). Items of very 
acceptable quality have been obtained with meat-soybean mixtures and 
new technology is constantly being developed to improve it. One of 
the problems that has been attributed to soybean is the reported low 
bioavailability of its iron. Although information is sometimes 
contradictory, it is generally accepted that the absorption of iron
from soybean is low. Factors such as type of soy, pH, phytates, and
temperature during processing are considered critical.
A variety of methods have been used to determine availability of 
iron. In-vivo methods using humans, rats and other animals are 
commonly found in the literature. In-vitro methods, under conditions 
that mimic human environment, have helped to understand the processes 
that are carried on in-vivo. In-vivo tests can be performed using 
tagged iron or by looking at hemoglobin regeneration in depleted 
animals after administering a given dose of iron. Both methods have 
their advantages and disadvantages. Cost of equipment and special 
licensing for personnel are major drawbacks of radio-isotope 
techniques and humans studies, respectively. According to 
Bjorn-Rasmussen et^  al_. (1976) the wide variation of diets in the 
world makes it difficult to study in greater depth the absorption of 
iron in areas that do not have access to modern technology. There is 
a demand for an accurate, but fairly simple, technique that could be 
used in developing countries.
3The objectives of this study were to: (i) evaluate the
absorption of iron from beef and beef-soybean mixtures using a 
depletion-repletion hemoglobin test with rats; (ii) study the effects 
of method of cooking (microwave and broiling), type of soybean 
(flour, concentrate and isolate) and amount of beef present on the 
availability of the iron from beef-soybean mixtures; using in-vitro 
technique, (iii) investigate the effects of temperature (50, 68, and 
75°C) and method of cooking on the destruction of the heme portion of 
beef; (iv) study the electrophoretical behavior of beef and 
beef-soybean flour mixtures as affected by method of cooking; (v) 
elucidate associations between absorption of iron from beef-soybean 
mixtures measured in-vitro and concentrations of glycine, histidine 
and cystine; and (vi) assess any changes in the amino acid profiles 
of beef and beef-soybean mixtures as affected by method of cooking, 
type of soy and amount of beef in the mixture.
REVIEW OF LITERATURE
Among health-related factors, there are two major problems that 
people have faced for a long time and that promise to be the focus of 
attention for many years to come. On one hand, famine and hunger 
claim many lives every day in a starving world. On the other hand, 
populations in developed countries possess greater risk of 
cardiovascular-related disease due in part to overnutrition. These 
problems are thus somewhat opposite in nature.
Nutrition has become a concern to everyone. In some cases, 
nutrients are unavailable to the individual. In other cases, 
although present, they are in a form that interferes with the process 
of assimilation. Iron is the fourth most abundant element and the 
second most abundant metal in the earth's crust. It is almost 
exclusively in the oxidized state, consequently, its availability to 
humans is limited (Bothwell et^  al, 1979).
The quantity of iron necessary for the maintenance of good 
nutrition depends on sex, age and condition of the individual. That 
quantity varies from 10 mg/day in adult males to 18 mg/day in young 
females (Munro, 1980). Moreover, supplemental amounts of iron are 
recommended during pregnancy and lactation.
Iron deficiency
Failure to absorb adequate amounts of iron can lead to 
conditions of iron deficiency. Epidemiological studies in recent 
years have established that iron deficiency is the most common cause 
of anemia and the most frequent nutritional deficiency in man (Cook 
and Monsen, 1976b).
4
5Iron problems are widespread throughout the world. In Africa, 
for example, 6 to 7% of men, 15 to 50% of women and 30 to 60% of all 
children are anemic. In South America 5 to 25% of men, 20 to 35% of 
women, and 25 to 40% of children have anemia (World Review of 
Nutrition and Dietetics, 1973).
Part of the problem can be explained, especially in certain 
areas of the world, by pathological iron losses due to hookworm and 
other parasitic infestation (Cook and Monsen 1976b), genetic 
abnormalities, and protein deficient diets (Ershoff, 1978). In 
addition, the most important etiological factor seems to be an 
inadequate intake or assimilation of dietary iron (Cook and Monsen, 
1976b).
The incidence of iron deficiency anemia is high even among the 
technologically advanced countries of the west. A major problem 
identified in the "Ten State Nutrition Survey" in the United States 
was iron deficiency anemia. The problem was found to be present in 
all ages and sexes and in all parts of the country, although it was 
more prevalent in poor groups and in Blacks, and Spanish-Americans 
(Proceedings of the British Nutrition Foundation Research Conference, 
1973).
Bioavailability of iron
The availability of iron in the diet is a very important factor 
in determining the iron status of populations (Cook and Monsen, 
1976b).
Most of the iron in the food we eat (10 to 20 mg/day) is not 
needed, so is not absorbed. The upper small intestine, which is the 
principal site of iron absorption, has the ability to regulate the
6absorption of iron. When the requirement for iron increases (growth, 
pregnancy, etc.), the duodenum modifies its mucosal block to accept 
more iron until the need is met. Such information concerning iron 
requirements must be originated, transmitted, received and acted 
upon. The mechanics of the gut's rejection of available unneeded 
iron has been the subject of many studies, (Crosby, 1968).
After iron enters the body, it plays an important physiological 
role. It is distributed in the body as shown in Table 1.
Table 1. Distribution of Iron in the Human Body
mg/75 kg mg/ kg %
HEMOGLOBIN 2,300 31 60.5
FUNCTIONAL MYOGLOBIN 320 4 8.4
COMPOUNDS HEMEENZYMES 80 1 2.1
NON-HEMEENZYMES 100 1 2.6
2,800 37
STORAGE FERRITIN 700 9 18.4
COMPLEXES HEMOSIDERIN 300 4 7.9
1,000 13
TOTAL 3,800 50 99.9
The nutritive value of iron in foods or categories of foods
should be based on at least three considerations (Cook and Monsen,
1976b): iron content; iron availability; and influence of foods
ingested simultaneously on iron availability. Factors which
influence iron availability can be generally classified into: those
substances which have an enhancing effect, such as ascorbic acid,
reducing sugars and animal tissues; and those substances which
7inhibit iron absorption such as phytates, carbonates, phosphates and 
strong chelating agents such as desferrioxamine (Cook and Monsen,
1975).
Types of iron
Iron can be supplied to humans either as heme iron or in 
non-heme form. Each source of iron has unique characteristics and 
seems to be handled differently in the body.
Heme iron
The form of iron present in muscles is mainly heme. The iron 
molecule is part of the prophyrin ring of proteins including 
hemoglobin, myoglobin and other sarcoplasmic proteins. During the 
process of digestion, hemoglobin iron is split up in the lumen of the 
small intestine into 16% non-heme iron and 84% heme iron. Heme is 
then separated from the globin within the intestinal lumen and 
absorbed into the duodenal mucosa as an intact metalloporphyrin. The 
iron is released from the heme portion within the intestinal cells 
and transferred into the plasma (Conrad et^  al, 1967). Heme oxygenase 
seems to be the enzyme responsible for releasing iron from the heme 
portion (Raffin et al, 1974; Weintraub £t al, 1968). Conrad et al, 
(1966) and Turnbull al, (1962) have also proposed the theory that 
iron in heme complexes was absorbed as an iron-containing porphyrin 
compound, although Conrad et al, (1966) stated that much of the iron 
was sequestered by the liver where it was probably degraded and the 
iron released.
Meats and meat products are well known sources of protein, 
niacin and other B-vitamins, plus iron, zinc and other minerals 
(Sommers and Hagen, 1981). The percentage of bound heme iron in
8fresh meat pigment is about 90%, while the level of free non-heme
iron is less than 10% (Igene et al, 1979).
For all practical purposes, the absorption of heme iron is
unaffected by the general composition of the diet and it has been 
considered the most bioavailable form of iron (Bothwell et^  a_l, 1979). 
The iron contained in vegetable foods has been shown to be less
available (Hussain et al, 1965; Bannerman, 1965; Layrisse et^  al.,
1968; Layrisse et_ al., 1969; Amine and Hegsted, 1971; and
Martinez-Torres and Layrisse, 1973). The absorption of the heme 
portion of meat is not impaired by factors that reduce non-heme 
absorption (Bjorn-Rasmussen e£ al, 1974). Nevertheless, different 
figures are often reported in the literature.
Callender el al (1957) found that 11 and 22% of the heme iron 
were absorbed in normal and iron-deficient subjects, respectively. 
Layrisse et^  al (1974) observed an absorption of 62 and 42% of total 
iron despite the fact that meat iron intake was only 20 and 12%, 
respectively, of the total dietary iron. In the case of fish, the 
absorption was only 12 and 9% of the total iron absorbed. This was 
attributed to the lower iron content of fish. Nevertheless, the 
strong enhancing capacity of an animal tissue in the absorption of 
non-heme iron was also noticed in the case of fish.
Martinez-Torres and Layrisse (1971) reported a highly 
significant correlation between ferrous ascorbate and meat iron 
absorption. According to these authors, the mean absorption from 
veal iron was 21.5%, which was very close to that observed in the 
same subject from iron ascorbate (23.8%). In this case, the ratio of 
iron ascorbate to food iron was close to unity. In the same study,
9it was also found that most of the iron in the meat was in the form 
of myoglobin and hemoglobin. The ratio of radioactive myoglobin to 
radioactive hemoglobin was always above two. The recovery of 
radioactivity when they injected labeled iron in 3-month old calves 
was in the order of 93 to 97% located in the heme compounds.
Amine and Hegsted (1971) have reported liver-iron absorption 
approximately the same as that from hemoglobin, whereas, iron from 
meat was better utilized. These results were explained on the basis 
that the liver had come from an animal with little, if any, iron 
stores. So, the iron was presumed mostly hemoglobin. The iron in 
the meat presumably contained a mixture of hemoglobin and myoglobin. 
Bannerman (1965) has also reported high values of iron retention for 
hemoglobin.
Conditions affecting retention
Several conditions could influence the results obtained in any 
study of heme iron absorption. For example, the health state of the 
animal, is critical. Amine and Hegsted (1971) found that 
iron-deficient animals retained more hemoglobin iron than 
iron-sufficient animals. The ability of the mucosa to regulate 
absorption from iron salts was demonstrated by Hussain et al (1965). 
They observed a low of 2.7%, and a high of 85.4% absorption in normal 
subjects and iron-deficient subjects, respectively. Although the 
trend was the same, the range of differences was decreased 
considerably in the case of hemoglobin and ferritin iron.
Intrasubject and intersubject variations in iron absorption 
were found by Layrisse al (1974). The latter were attributed to 
differences in iron stores between individuals, although it has been
10
suggested that iron store was not a primary characteristic affecting 
iron absorption (Amine and Hegsted, 1971). This conclusion was 
reached after analyzing the variable results obtained in subjects 
with apparently similar iron stores and tested under similar 
conditions.
The form of administration of heme iron can make a difference. 
Martinez-Torres and Layrisse (1971) have reported that half of the 
hemoglobin iron was absorbed when it was given alone in comparison to 
when it was given with veal muscle. Also, there were no differences 
between the absorption of meat given alone or when administered with 
hemoglobin. It is puzzling why hemoglobin iron administered alone 
does not reach the same level of absorption as muscle as most of the 
iron absorbed from this food is in the form of heme (Martinez-Torres 
and Layrisse, 1971). The data presented by the above authors seem to 
indicate that products of protein degradation were necessary for the 
absorption of heme iron either from hemoglobin or myoglobin. Also, 
these protein degradation substances facilitated even more the 
absorption of hemoglobin iron during the digestion of meat.
The type of meat (rabbit, chicken, pork, etc.) could show 
different patterns of iron absorption due to their various 
proportions of hemoglobin, myoglobin and ferritin (Martinez-Torres 
and Layrisse, 1971). Particularly, ferritin has been reported as 
the only iron compound in the muscle affected by deferrioxamine 
(Kuhn et^  ad., 1968) .
Total iron and heme iron have been found to be higher in beef 
than in lamb. Pork values have been reported even lower than the
11
ones obtained for lamb (Schricker et al., 1982b).
Effect of heat on heme iron 
It has been stated previously that hemoglobin iron is split into 
non-heme iron (16%) and heme iron (84%) in the lumen of the small 
intestine (Conrad et_ al, 1967). This also could happen to other 
heme-containing proteins. The degradation of heme pigments has been 
observed to be a consequence of treatments such as cooking and aging. 
Igene £t £1 ,(1979) reported that cooking released a significant 
amount of non-heme iron from bound heme pigments which accelerated 
lipid oxidation in the cooked meat.
Schricker at al. (1982b) compared fresh beef, aged beef and aged 
pork after heating at 100°C. They found that the non-heme iron 
concentration in the beef samples increased considerably, although in 
the case of pork samples they did not differ. The mechanism for iron 
release from the heme portion of meat has not been determined. It 
was the author's opinion that oxidative cleavage of the porphyrin 
ring was probably involved.
Degradation of heme in-vivo in humans and many other animals was 
related by Schricker at al-(1982b) to oxidation of the prophyrin ring 
at the a- bridge producing ring cleavage and an unstable iron complex 
which released the iron. It then follows that different cooking 
methods could result in different proportions of heme and non-heme 
iron in meat. The author concluded that more information on the 
effects of cooking on heme degradation was needed.
Animal tissues as enhancers of iron absorption 
Studies have shown a higher iron availability in foods of animal 
origin as compared with foods of plant origin. The fact has been
12
attributed to the manner of iron entry into the mucosal cells from 
the intestinal lumen (Cook and Monsen, 1976b). It is also known that 
certain animal products, such as milk, milk products and eggs exert a 
negative effect on iron absorption (Layrisse e£ al., 1974).
The data presented by Layrisse et al (1968) seemed to indicate 
that although iron absorption might be between 1 and 8% from 
vegetable foods and 6 to 20% from animal foods. Those values could 
be modified when these foods were consumed in the same meal. It also 
indicated that a certain proportion of animal food should be included 
in the diet to enchance iron absorption from vegetable foods.
The efficacy of prescribing iron treatments with meals has been 
questioned if those meals contained no animal protein and vegetable 
foods containing strong inhibiting agents for iron absorption 
(Layrisse el: al., 1973). Monsen &t_ al. (1978) in close agreement
with this statement, concluded that non-heme iron was readily 
available in meals containing meat.
According to Cook and Monsen (1976b) the mechanism by which 
animal tissues enhance the availability of dietary iron remains 
unanswered. Results of their study indicated that the distinction 
between animal and vegetable sources of protein needed revision. 
According to them, a more valid distinction could be made between 
animal tissues and other sources of dietary protein.
Generally speaking, the better absorption of iron contained in 
animal tissues is unquestionable. This fact puts people whose diets 
are based almost exclusively on cereal and cereal-based products in 
disadvantage with more affluent societies. In the most seriously 
affected countries protein from non-animal staples account for more
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than 65% of the protein intake. As much as 85% comes from vegetable 
sources and only 15% from animal products, among which milk is the 
most important (Jensen, 1981).
As a general pattern, countries with a higher degree of 
development in their economies show a higher proportion of protein 
from animal sources to total amount of protein consumed (Mayer,
1976).
Iron absorption is poorest from diets in which foods of animal 
origin contribute less than 10% of total calories. In such cases 
iron absorption is about 10% of the iron content, while it is around 
20% when animal foods represent more than 25% of the total calories 
(World Review of Nutrition and Dietetics, 1973).
For this reason a dose of 28 mg/day is recommended for adult 
women when less than 10% of the calories are supplied by animal 
proteins, and only 14 mg/day when 25% of the calories are derived 
from animal sources (FAO, 1970; FAO, 1972).
Non-heme iron
A very large portion of people in the world obtain their dietary 
iron exclusively from foods of vegetable origin. This is the reason 
why Monsen and Cook (1976b) stated that the supply of food iron in 
the world is predominantly of the non-heme form. According to these 
authors, this type of iron is subject to interaction with other 
dietary components; thereby, it affects the quantity of non-heme iron 
that may be absorbed.
Miller and Schricker (1982) have proposed a model for changes 
that occur in non-heme iron as food moves through the gastro­
intestinal tract.
14
Figure 1. Proposed model for changes that occur in non-heme iron as 
food moves through the gastrointestinal tract
STOMACH DUODENUM MUCOSAL
CELL
Fe-H.O Fe-lig
Acid Fe-lig HCO
Fe-LIG
Pepsin Enzymes
Food
Poly FeFe-LIG
Fe
Poly Fe. \LIG Fe-LIG.
LIG. LiG
Fe-LIG. I 
1 T
Poly Fe
Figure 1. The following abbreviations are used: lig - low molecular 
weight, soluble ligand; LIG - large molecular weight 
soluble ligand; LIG. - large molecular weight insoluble 
ligand; Poly Fe - soluble poly- nuclear (polymerized) 
iron; Poly Fe^ - insouble polynuclear (polymerized) iron.
The poor bioavailability of non-heme iron is the major cause of 
nutritional iron deficiency and the major obstacle to designing 
effective fortification programs (Cook, 1983).
The biological availability of iron has been studied extensively 
and has been shown to be extremely variable (Lee and Clydesdale, 
1979). Before iron can be absorbed from the gut, it must be in 
solution (Forth and Rummel, 1973). The solubility of elemental iron 
is directly correlated with its availability (Harrison et al., 1976). 
The variability in the absorption of non-heme iron, plus the wide 
variation in the composition of diets in different parts of the 
world, makes it difficult to acquire knowledge concerning iron 
absorption (Bjorn-Rasmussen et al, 1972).
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According to Monsen and Cook (1979), a common pool of non-heme 
iron is formed by items ingested simultaneously. It is not the 
biological form of iron in the food that determines the non-heme iron 
availability rather it is the composite effects of inhibitors and 
enhancers present in a complete meal.
Non-heme iron is absorbed well from highly acidic foods or meals 
containing substantial amounts of ascorbic acid or animal tissues. 
On the other hand, most cereals and legume-based diets are poor 
sources or iron. A number of inhibitors of non-heme iron retention 
have been identified (Cook, 1983) . These include: tannins in tea and 
coffee, egg albumin, protein isolates from soybeans, calcium and 
phosphate salts, wheat bran, and certain purified fibers.
The effects of diet components such as carbohydrates, fat and 
protein have been given special consideration (Amine and Hegsted, 
1975; Pennel e_t al, 1976; Conley and Hathcock, 1978; and Monsen and 
Cook, 1979). In the same manner, chelating agents such as EDTA have 
been of certain importance (Elwood et al. , 1968; Bates ej: al., 1972; 
Cook and Monsen, 1976a; and Layrisse and Martinez-Torres, 1977). 
Sodium iron EDTA has been proposed as an iron fortification compound 
in Central America (Viteri et_ al, 1978). According to Layrisse and 
Marinez-Torres (1977) Fe (III) EDTA, as iron fortification, has 
demonstrated more advantages than those observed in other iron salts, 
including ferrous sulfate. Their data indicated that only 10 to 15 
mg of iron as Fe (III) EDTA would be necessary to prevent iron 
deficiency anemia in populations relying only on vegetable foods, 
provided there would be no blood loss as a consequence of parasitic 
infestation. Although its use is restricted, they considered the
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amount of EDTA necessary for 10 mg of iron fortification (about 60 
mg) to be comparable to the usual amount added to the diet. Cook and 
Monsen (1976a) have found that molar ratios of EDTA to iron are 
important to the retention of iron. Molar ratios of 1:1 and 2:1 
reduced absorption of non-heme iron 72% and 50%, respectively.
Effect of components of the diet
"The nature of the dietary factors which influence iron 
absorption is not well understood. A number of recent investigations 
suggest that the most important element is the proportion of calories 
derived from animal foodstuffs. This could be explained by the 
higher proportion of the heme iron contained in animal foods. 
However, a more important factor may be the ability of animal foods 
to enhance the absorption of non-heme iron" (Cook and Monsen, 1976b). 
The above researchers set up an experiment to investigate the effect 
of protein substitutions on iron absorption as compared to beef 
muscle. They used the mean ratio of Substituted Standard
Meal/Standard Meal absorption in each study group. They found a wide 
variation in iron absorption from 0.6 to 56.0%. The mean ratio 
observed with pork, lamb, liver and chicken did not differ 
significantly (P < 0.2), indicating that these foods were equivalent 
to beef in their enhancing effect on non-heme iron absorption. A 
lower mean ratio was obtained with fish substitution. Iron 
absorption was sharply reduced in relation to the standard meal with 
milk, cheese, whole egg and albumin (P < 0.2).
According to Monsen and Cook (1979), the effects of protein, 
carbohydrates and fat are fragmentary and often contradictory. It is
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their opinion that the majority of animal studies have been performed 
with laboratory diets containing varying proportions of protein, 
carbohydrate and fat while maintaining a constant caloric intake. 
Therefore, it is usually not possible to determine whether observed 
differences in iron assimilation are due to the reduction of one 
constituent or to the substitution by another.
The study by Monsen and Cook (1979) showed that carbohydrates 
and fats had little influence on iron absorption, whereas egg albumin 
had a significant inhibitory effect. These authors concluded that 
proteins, in general, have an enhancing action on non-heme iron 
absorption. Conrad et al (1967) also have reported that the level of 
protein in the diet significantly affected the absorption of iron.
Amine and Hegsted (1975) found that iron utilization was 
greatest with diets containing lactose. It was less in diets 
containing sucrose and least with diets in which the carbohydrate was 
supplied as starch. Diets high in fat favored iron absorption. 
Coconut oil exhibited a more positive effect than corn oil.
Conley and Hathcock (1978) reported that intakes of casein at 
level, of 20% significantly decreased the hemoglobin and hematocrit 
gains per mg of total iron consumed when rats were fed diets 
containing 20 mg of iron per kg of feed. An experiment with lower 
amounts of casein (10%) showed that protein did not have any 
influence on hematocrit, hemoglobin concentration or total 
hemoglobin. This was in agreement with the findings of Amine and 
Hegsted (1971). They reported a slightly, but non-significantly 
higher iron retention in diets of rats containing 5% casein as 
compared to diets of 20 and 40% casein.
18
Permel et^  al. (1976) found that source of dietary protein 
(casein) and non fat dried milk had no effect on the Relative 
Biological Value (RBV) of sodium iron pyrophosphate and ferric 
orthophosphate when compared to ferrous sulfate. They reported that 
replacing sucrose with 22% lactose in a diet containing casein 
reduced the RBV of iron from sodium iron pyrophospahte from 25 to 15. 
Ferric fructose administered to guinea pigs has shown a better iron 
absortion compared to ferric citrate and ferric gluconate. Doses of 
28 g (low) and 280 g (high) produced similar results (Bates ££ al, 
1972).
Effect of individual amino acids 
Several studies on the influence of individual amino acids on 
iron absorption have been reported. Kroe ert al. (1963) reported an 
increase of iron absorption as a consequence of the presence of 
histidine and lysine. Van Campen and Cross (1969) attributed a poor 
absorption of iron in rats fed a low protein diet to a lower level of 
certain amino acids. They found that histidine chelates ferric iron 
more effectively than lysine, thus maintaining iron in a soluble and 
permeable form under normal conditions. In a later study, Van Campen 
(1972) found that histidine would increase iron retention if the iron 
and histidine were mixed together prior to feeding. However, iron 
retention did not increase when histidine was fed 24 hours before 
feeding the tracer with a stomach tube.
Martinez-Torres and Layrisse (1970) observed a relatively high 
increase of iron absorption from black beans when the food was 
administered with the same number and proportion of amino acids as 
present in 100 g of fish. Further experiments showed that cysteine
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plus methionine, or cysteine alone enhanced iron absorption from 
black beans in similar proportion as observed when this food was 
mixed with the total amino acids present in fish.
According to Van Campen (1973), it appeared that the ability of 
histidine, cysteine and lysine to form tridentate chelates would be 
essential to their effectiveness in enhancing iron uptake. Although 
the total amount of iron absorbed decreased with increasing pH, Kroe 
et al»(1966) found that animals receiving iron with glutamine or with 
histidine retained proportionally more iron than control rats at the 
highest pH.
The feeding of diets low in protein or tryptophan and adequate 
iron to chicks caused a reduction in the rate of erythropoiesis as 
judged by the reduction in the radioactivity obtained per unit of
whole blood. This decrease in the rate of erythropoiesis was not
observed in chicks fed diets adequate in iron but low in glycine or 
intermediate in protein, (Monhamad-Ali Miski and Kratzer, 1977).
Effect of calcium and phosphate salts
Current practices of adding phosphate salts to foods ought to be 
a concern of people working in iron metabolism. Many of these 
phosphate salts are considered GRAS (generally recognized as safe). 
However, the amount at which they are added could be at an 
appropriate molar ratio, with respect to iron, to promote the
formation of insoluble complexes (Monsen and Cook 1976).
Phosphate acts by accelerating the oxidation of ferrous iron to 
the ferric state and by sequestering it as ferric phosphate. This 
form of iron is not dializable at pH 6 to pH 7 even in the presence 
of enhancers such as scorbic acid. Phosphate compounds are among the
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factors considered to be most inhibitory to gastrointestinal iron 
absorption (Peters and Ross, 1971).
According to Amine and Hesgted (1971), the absorption of 
inorganic iron was dependent upon the amount and composition of the 
salt mixture included in the diet. They found that the removal of 
either the phosphate or the calcium from the salt mixture resulted in 
greater inhibition of iron absorption than that observed using the 
balanced salt mixture. They concluded that the addition of either 
calcium or phosphate salt might improve iron absorption under certain 
circumstances. However, excess of either one was detrimental.
Monsen and Cook (1979) have reported that the addition of 
calcium or phosphorus separately, even in large amounts, had no 
influence on the absorption of iron. Nevertheless, these authors 
have attributed the inhibitory action of egg albumin on non-heme iron 
absorption to the high ratio (1:8:18) iron:calcium:phosphorus
present.
According to Morck at al (1981) calcium and phosphorus salts 
impaired the absorption of food iron, and reported an increase in 
iron absorption from a corn/soya/milk blend when these minerals were 
omitted. Manis and Schachter (1962) stated that the adverse effects 
of calcium on iron absorption were due to competition for a similar 
process in an active phase of transport.
It has been found that when calcium and phosphorus were added 
absorption of non-heme iron was reduced from 27 to 47%. The formation 
of an insoluble calcium, phosphate and iron complex was considered 
responsible for that phenomenon (Monsen and Cook, 1976).
Results obtained by Thewer at al. (1973) seem to be in
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contradiction with most work done on phosphates. These researchers 
reported a large increase of available iron when they canned infant 
food formulas that had been enriched with iron phosphate. They 
attributed this to thermal processing.
Effect of ascorbic acid
Ascorbic acid has long being regarded as an iron absorption 
enhancer (Nutritional Problems in a Changing World, 1973; Van Campen, 
1972). It is believed that the chelating characteristic of ascorbic 
acid could augment iron absorption by maintaining the iron in 
solution under conditions where it would otherwise be insoluble. 
Sayers elt al (1974) demonstrated the influence of ascorbic acid in 
the absorption of iron from corn meal. Disler et al. (1975) 
reported an increase in iron retention from corn meal cooked in the 
presence of ascorbic acid when compared to uncooked corn meal. 
Similar responses have been obtained by Sayers et^  al. (1973) in 
studies done with maize, wheat and soya.
A positive influence of papaya on the absorption of iron from 
black beans has been observed. The high content of ascorbic acid (44 
mg/100 g) caused the improvement (Layrisse et al., 1974).
Although reporting an enhancing behavior of fruit juice on iron 
absorption retention from bread, Elwood et^  al^ . (1968) concluded that 
experiments such as theirs and those of others are usually conducted 
on small number of selected subjects under standardized conditions. 
These types of experiments, according to their conclusion, are likely 
to yield data of limited value that may well give rise to misleading 
conclusions. The authors further concluded that only the results of
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adequately controlled long-term community-based feeding trials, in 
which the diets of the subjects were not standardized could form a 
sound basis for conclusions relating to the community.
Cook and Monsen (1977) have found that iron absorption was 
directly proportional to the amount of ascorbic acid added with dose 
up to lOOOmg. The effects of ascorbic acid in facilitating iron 
absorption were not additive, however. It was reported that the use 
of 100 mg of ascorbic acid in a semisynthetic meal increased iron 
absorption 3.77 times. When the same dose was added to a standard 
meal, which had a higher iron availability due to its meat content, 
the relative increase was only 1.6 times. It was concluded in this 
study that it was important to know about the effects of large dose 
of ascorbic acid on iron balance over a long-term period.
Effect of protein isolates from soybeans
The development of non-animal sources of protein is considered 
essential to the future life and nourishment of the human race. An 
expanding world population and an increase of malnutrition demands 
the discovery of low-cost products of nutritional soundness that
could be of comparable importance to animal proteins (Wolf and Cowan, 
1975).
Among the many vegetable protein sources explored and developed 
the soybean is the most important nutritionally and economically
(Wolf and Cowan, 1975). Since meat is expensive compared to
vegetable protein products, the search for substitutes will continue 
(Jensen, 1981).
Substitutions of 25% of beef skeletal muscle by hydrated soy
protein in the manufacture of wieners has been found to have lower
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PER values as compared to all-beef skeletal muscle wieners. No 
significant differences were noted in comparison to a casein control 
(Noda, et al., 1977).
Replacement with 30 and 40% of texturized soy protein for lean 
meat in wiener-type product caused problems of flavor and emulsion 
stability. Nevertheless, substitutions in the order of 25% gave 
products of acceptable quality (Sofos et al., 1977).
In a study done in Egypt (Nofal, 1981), substitutions to 10, 20, 
30, 40, and 50% of ground beef by textured soy flour resulted in
products of acceptable PER. Mixtures with 10 and 20% textured soy 
flour could not be distinguished from the all-ground beef control. 
This study concluded that the addition of 20% textured soy flour 
appeared to render a product of good quality that met the standards 
of the Egyptian consumer.
In the early 1970's, the USDA's Food and Nutrition Service
permitted the use of up to 30% rehydrated textured vegetable products 
to replace the meat or meat alternate portion in the Class A School 
Lunch Menu. Hospitals and other institutional food services have 
increased the consumption of soy-extended meat. Hamburger-soy 
mixtures have become available in the retail market (Williams and 
Zabik, 1975).
It has been reported that a 30% soy-substitution decreased total 
cooking losses in beef and pork systems. The use of 30%
soy-substitution did not seem to adversely affect the quality 
characteristics of ground beef (Williams and Zabik, 1975).
The use of soy flour, soy protein concentrate and soy protein
isolate represented a problem as emulsion stabilizers in the
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formulation of frankfurters (Smith et al., 1973). Results in this 
study indicated that muscle proteins were better than vegetable 
proteins as emulsion stabilizers.
Cassens et aJL. (1975), based on the results of morphological 
studies, attributed the lack of emulsifying properties in vegetable 
protein to the added particles taking up space in the matrix; 
thereby, limiting the amount of fat that could be dispersed and held 
in the product.
In studies on wieners (Sofos and Allen, 1977), it was found that 
levels up to 45% of textured soy protein used in low fat (10 to 20%) 
emulsions with a lean content of 45% resulted in a good emulsion 
stability. Good moisture retention in hamburger-soy mixtures have 
been reported by Cross eit al. (1975), Drake et al. (1975) and Bowers 
et_ a1_. (1975). It seemed that the inclusion of soy products in beef 
patties was less critical than in products such as wieners and 
frankfurters.
Soybean products have been used in many countries to fortify 
existing local products. Addition of soybeans produced an enriched 
tortilla flour that could be processed on an industrial scale to 
provide the consumer with a higher protein content and quality, as 
compared to plain corn tortillas (Bressani et al, 1979).
Corn-soy blends have been used in the Philippines to make 
locally produced foods that were well accepted by children (Alabastro 
et al, 1979). Combinations of soybean with corn, wheat and whey have 
been successfully utilized in infant food supplements (Morck et al.,
1981).
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Availability of iron from soybeans
The availability of iron contained in soybeans has been a 
concern of researchers for many years. Results obtained often differ 
from one report to another.
Fitch et al. (1964) observed a reduced gastrointestinal 
absorption of iron and iron deficiency anemia in monkeys receiving a 
diet containing isolated soybean protein. The inclusion of textured 
soy flour in a meal containing meat caused iron retention to fall 
from 3.2% to 2.24% (Cook et al^ ., 1981).
Extremely low assimilation of iron was found in several infant 
foods that included: corn/soy/milk, corn/soy/blend, wheat/soy/blend, 
wheat/soy protein concentrate blend and whey/soy/drink mix. The low 
assimilation of iron was attributed to the presence of soybean (Morck 
et al., 1981) .
An absorption of iron in the order of 2.6% was observed when 
intrinsically labeled soybeans were fed to humans (Bjorn-Rasmussen 
et al., 1973). On the other hand, a mean absorption of 22% has also 
been reported in human subjects fed intrinsically labeled soy 
(Layrisse £t aJL., 1969) .
Sayer et al. (1973) obtained an absorption of iron of 20% from 
intrinsically labeled soybean meals given to iron-deficient subjects. 
In this case theiron from soybeans was better absorbed than the iron 
from maize and wheat.
Nelson and Potter (1980) found no differences in the bioavail­
ability of iron when they tested soy protein isolate iron mixtures in 
ferrous and ferric form. The Data indicated that much of the iron 
bound to proteins during food processing remained bioavailable.
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According to Cook et al. (1981) the mechanism of iron absorption 
inhibition by soy products was unknown, but they considered the 
presence of phytates important especially in soy isolates where they 
reached high levels. Levels of 1.15 mg of phytic acid phosphorus per 
gram of isolate soybean have been reported by Nelson and Potter 
(1979).
de Rham and Jost (1979) stated that phytic acid-mineral-protein 
association occur in solutions at a neutral pH. It has been 
suggested that phytic acid could have affected the iron balance in 
rats by combining with iron endogenously excreted into the gut 
because of the rise in pH from the upper to the lower part of the 
small intestine (Welch and Van Campen, 1975).
Foy and Austin (1959) have reported an adverse effect of 
phytates on iron absorption in man. Opposite results have been found 
by Sympson et: al. (1981). They concluded that the inhibitory effect 
of whole wheat bran on iron absorption was not affected by the 
removal of phytate.
Cowan al. (1966) found that levels of 0.7%, and 1.2% sodium 
phytate in diets containing 10 and 20 ppm of iron using the 
hemoglobin depletion-repletion test on weanling rats, had no effect 
on hemoglobin regeneration.
Welch and Van Campen (1975) observed that rats fed either
59Fe-labeled mature soybeans, averaging 1.7% phytic acid, absorbed 
59and retained more Fe than rats fed inmature soybeans averaging 
0.61% phytic acid.
More than half of the iron in wheat bran has been found to be 
present in the form of monoferric phytate. This compound is an iron
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complex which is soluble at neutral pH. This is in contradiction 
with the accepted theory that fully iron-saturated phytate was 
insoluble at neutral pH (Morris and Ellis, 1976).
Rotruck and Luhrson (1979) have suggested that the use of 
purified sodium phytate appeared to have an inhibitory effect on iron 
retention, but naturally-occurring phytate would not have the same 
effect. Thus, sodium phytate in a pure form was easily ionized and 
could form precipitates or complexes. The naturally-occurring 
phytates might be present in forms that would not react with iron.
Processing on availability of iron from soybeans
There have been several reports on the importance of processing 
on the availability of iron contained in soybeans. Armstrong ££ al. 
(1978) have observed changes in the electrophoretic patterns of soy 
milk and an acid precipitated protein fraction as a consequence of 
the effect of heat.
Sayers £t al. (1973) attributed a low iron absorption from 
soybeans to the method of cooking. This is in agreement with Rackis 
et al. (1975) and Forbes et al. (1979). These workers suggested that 
particular conditions involved in processing soy protein might 
account for the low mineral bioavailability from soy products. To 
the contrary, Steinke and Hopkins (1978) reported an improvement in 
iron availability as a consequence of autoclaving a soy isolate at 
108.4°C.
Asworth ejt al. (1973) found an increase of iron absorption from 
soybeans in Jamaican infants from 2.6% in boiled samples to 6.7% when 
the soybeans were baked. According to the authors, heat treatment
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could play a useful part in improving the absorption of iron from soy 
products.
Effect of other vegetable foods
An inhibitory effect of wheat bran on iron retention has been 
observed by Simpson et al. (1981). Hussain et^  al^ . (1965) reported 
absorption of wheat iron between 4.5% and 7.8% in normal and 
deficient groups, respectively. The same trend was found by Elwood 
et al (1968).
The naturally-occurring iron in white flour was absorbed well by 
seven subjects, some of whom were likely to have been iron deficient 
as compared to the absorption of a standard iron salt fed to the same 
subjects. Opposite results were found by Callender and Warner 
(1968). These workers concluded that the iron in bread was poorly 
absorbed.
Low assimilation of iron in corn has been shown by Layrisse (1973), 
Garcia-Lopez and Wyatt (1982), and Martinez-Torres and Layrisse (1971). 
Black beans, a staple food very popular in several countries in Latin 
America, contain iron that is poorly absorbed (Layrisse et^  al., 1968; 
Martinez-Torres and Layrisse, 1971). It has been suggested 
(Layrisse, e± al., 1968) that these beans carry a more active
chelating agent than the one present in corn.
Methods to determine iron absorption
Current methodology for estimation of food iron availability 
usually involves one of three approaches: animal bioassays, human 
bioassays or in-vitro determinations.
Animal bioassays
The most frequently used among these is the rat hemoglobin
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depletion- repletion test. This method depends on the ability of an 
iron source to increase the hemoglobin concentration in anemic rats. 
In this method, the absorption of iron is measured in terms of 
hemoglobin gain using a standard source of iron as a reference. 
Ferrous sulfate has been widely utilized for this purpose (Amine and 
Hegsted, 1971; Steinke and Hopkins, 1978; Garcia - Lopez and Wyatt, 
1982). Hemoglobin in blood removed from the tail is determined 
usually by the cyamethemoglobin method. Hematocrit values (Conley 
and Hathcock, 1978) and hemoglobin gain per miligram of iron ingested 
are also common parameters used (Ranhotra et al, 1981).
Fritz ^t al. (1970) have tested several iron sources. These 
compounds ranged from 0 to 107 relative avaibility using ferrous 
sulfate as a reference. Since ferrous sulfate has been found more 
available than most iron compounds (Fritz jeit al., 1975), it has been 
used to remove differences in iron absorbability between groups of 
subjects (Cook et^  al., 1969). Other iron compounds have been
utilized for different purposes. Sodium hexametaphosphate, sodium 
bisulfate (Suwanik, 1980), sodium iron pyrophospahte (Shah et_ al., 
1979), ferrus chloride (Sanabria, 1979), ferric ammonium citrate 
(Wong and La Croix, 1979), have shown a great varibility in 
absorption of iron.
The hemoglobin depletion-repletion test has several advantages 
(Miller and Schricker, 1982): use of an intact biological system,
simplicity and availability of the method to a great number of 
researchers. The extrapolation of results from rats to humans, the 
variability of foods used time and cost involved are main drawbacks 
of the methodology.
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Rats may be given a food that contains a radioactive tracer and 
the retention of this tracer is then measured over a given period of 
time. This method is called whole body counting (Van Campen, 1972). 
The advantages and disadvantages encountered in this method are 
similar to the ones observed in the hemoglobin depletion-repletion 
test. Flexibility in the sense that no anemic animals are necessary 
is an additional advantage. Nevertheless, more sophisticated 
equipment is needed.
Human Bioassays
Extrinsic and intrinsic tag method have been the most frequently 
used bioassay in humans. Incorporation of the radio iron tag into 
hemoglobin is used as the response parameter. This is a rather 
simple method that is applied directly to humans. Although very 
effective, a few restrictions to its use should be made. The wide 
intersubject variation and the relatively small number of 
investigators licensed to operate it are two of its drawbacks (Miller 
and Schricker, 1982).
These methods assume that food iron exchanges with two common 
pools (heme and non-heme) iron and that added radio labeled heme iron 
exchanges completely with food heme iron and added radio labeled 
non-heme iron exchanges completely with food non-heme iron (Miller 
and Schricker, 1982).
The intrinsic tag method has yielded consistent data in the 
study of non-heme iron and heme iron absorption (Layrisse et al, 
1974; Monsen and Cook, 1979). Cook et al. (1981) have reported a 
higher absorption with the use of the extrinsic label method as 
compared to the intrinsic label method.
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According to Bjorn-Rasmussen et_ al. (1976), the wide variation 
in the composition of diets in different parts of the world makes it 
difficult to acquire a broader knowledge of iron absorption by means 
of the elaborate and technologically difficult methodology available. 
Thus, there is a demand for an accurate and fairly simple technique 
that could be used in studies in developing countries
(Bjorn-Rasmussen et^  al_., 1976) .
In-vitro methods
In-vitro methods have been available for a long time (Miller and 
Schricker, 1982). In 1979, Lee and Clydesdale developed a method to 
determine the possible changes in iron-fortified processed foods. It 
consisted of a combination of atomic absorption spectrophotometry to 
measure total, elemental and soluble iron and spectrophotometry using 
the bathophenanthroline reagent to determine the complexed iron and 
iron valences.
Food has been evaluated after a simulated gastrointestinal 
digestion in the release of iron after the digestion process was
completed.
There are several advantages to the in-vitro methods (Miller and 
Schricker, 1982) which include: low cost, rapidity, reduced
variability and controlled conditions for the test.
Major disadvantages relate to the less than exact duplications 
of in-vitro conditions, uncertainties over the use of an artificial 
system and the inability to account for effects such as active 
transport, brush border binding proteins, etc. (Miller and Schricker,
1982).
Miller and Schricker (1982) proposed a simple, rapid and
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inexpensive in-vitro method for estimating food iron availability in 
complex meals. The method involves a simulated gastrointestinal 
digestion in which soluble, low molecular weight iron is used as an 
indicator of iron availability.
The non-heme iron in food is most likely bounded to food 
components, probably protein. The release of iron from these 
components is a complex process. The binding affinity of the food 
components for iron, the digestibility of the food components, the 
presence of reductants and accepting ligands and the pH in the 
gastrointestinal tract are factors that influence the release of iron 
from food (Miller and Schricker, 1982).
The procedure suggested by Miller and Schricker is based on 
several factors. These include 1) an adjustment of the blended meal 
to a pH of 2.0 to simulate stomach conditions 2) a pepsin digestion 
for a time similar to natural conditions 3) a pancreatin-bile action 
4) a gradual raise in pH to simulate conditions in the duodenum 5) a 
dialysis for two and one half hours to withdraw iron from the food 6) 
the measurement by spectrophotometric means of the iron contained in 
the dialisis bag. The iron related to the total non-heme iron 
present in the meal is expressed as "colorimetric iron".
Data obtained in a comparative study indicated that the above 
method was capable of distinguishing between iron availability of 
complex mixtures of foods. The magnitude of the responses resembled 
those found in human trials (Schricker et al., 1982a).
MATERIALS AND METHODS 
Animal Study
This experiment was conducted using 21-day old male 
Sprague-Dawley rats from the Charles River Laboratories. Animals 
were housed individually in mesh-bottom stainless steel cages. A low 
iron diet (ICN Pharmaceuticals) (Table 2) was fed ad-libitum until 
the hemoglobin level dropped significantly. Deionized water was 
offered ad-libitum.
After seven and one half weeks on the low-iron diet the depleted 
rats were randomly assigned to experimental diets. There were seven 
animals to each group. One group was continued on the low iron diet. 
Diets contained 11 ppm (11), 22 ppm, and 33 ppm (33) iron added to 
the basal diet. The remainder of the diets contained raw meat (M), 
raw meat and soybean flour in a ratio of 80:20 (MF8020), raw meat and 
soybean flour in a ratio of 90:10 (MF9010), raw meat and soybean 
concentrate in a ratio of 80:20 (MC8020), raw meat and soybean
concentrate in a ratio of 90:10 (MC9010), raw meat and soybean
isolate in a ratio of 80:20 (MI8020), raw meat and soybean isolate in 
a ratio of 90:10 (MI9020) (Table 2).
All soy products were rehydrated according to manufacturer's 
specifications with two parts of water. Soybean flour (Centex) and 
soybean concentrate (Promosoy) samples were obtained from Central
Soya, Co. and the soybean isolate (Purina Protein 220) was from 
Ralston Purina Company. The ground meat was provided by the
Department of Animal Science, Louisiana State University, 
Baton Rouge, Louisiana.
33
34
Table 2. Ingredients of the diets (%)
Meat Soy Corn Starch Oil Casein
Basal 56.0 14. 0 27.0
Meat Reference 59.9 37.8 1.6
MF 8020 56.0 14.0 28.5
MF 9010 63.0 7.0 28.5
MC 8020 56.0 14.0 28.5
MC 9010 63.0 7.0 28.5
Ml 8020 56.0 14.0 28.5
Ml 9010 63.0 7.0 28.5
- Meat Diets were supplemented with 0,5% vitamin mix and 1.5% mineral mix 
(ICN Pharmaceuticals).
Basal Diet contained 3% mineral mix and 1% vitamin mix (ICN 
Pharmaceuticals).
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Table 3. Proximate analysis of meat and soybean flour, concentrate and isolate
Protein Fat Carbohydrate Moisture Ash
PERCENT
Meat
Soybean Flour 
Soybean Concentrate 
Soybean Isolate
22.4±3.90 14.7±1.78 63.7+.51 .88+0.007
52.3±7.36 0.94± .0001 23.05+ .04 14.5±.07 6.60± .03
68.9±2.98 0.55± .01 12.62±3.71 11.4±.17 6.5 ± .01
88.4± .48 0.24± .02 6.7+.02 3.8 ± .01
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Proximate analyses (Table 2) of the meat and soybean samples 
were done in triplicate according to AOAC methods (1975) and are 
shown in Table 3 and Table 5, respectively. Iron content (six 
samples in each case) was determined by Atomic Absorption 
Spectrophotometry (Perkin-Elmer, Model 305) and shown in Table 4. 
Samples were dry-ashed by placing 1.00 g of sample in a 150 ml beaker 
and igniting them for 1 hour at 500°C in a muffle furnace. The ash 
was dissolved in 10 ml of HC1. The solution was boiled and 
evaporated to near dryness on a hot plate. The residue was 
redissolved in 20 ml of HC1, filtered through a Whatman #1 filter 
paper and transferred into a 50 ml volumetric flask. The absorption 
of the solution was measured directly.
Animals were kept for a period of three weeks. Initial weight, 
hemoglobin and hematocrit values were recorded and these observations 
were repeated at the end of each week for the duration of the study.
Determination of Hemoglobin 
Hemoglobin was measured on tail blood by the cyanmethemoglobin 
method according to AOAC (1975). Five ml of Drabkins solution 
(Fisher Scientific Company) were pippeted into colorimeter tubes and 
0.02 ml of whole blood drawn from the rat's tail were added to each 
tube. Samples were allowed to stand for 10 minutes. Samples were 
read at 540 nm in a Baush and Lomb Spectronic 20 Spectrophotometer.
Hematocrit values were obtained as percentage of packed red 
cells after spinning a capillary tube containing whole blood for 15 
minutes in a Autocrit II centrifuge (Dickinson and Company).
Iron study in feces and liver 
Two animals per treatment were placed in individual metabolism
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cages. Feces were collected, weighed daily and stored in the freezer 
(-20°C) for subsequent analysis. At the end of the third 
experimental week, the rats were killed by euthanasia and the livers 
were separated from the carcasses. The livers were weighed fresh and 
stored in the freezer for further analysis.
Table 4. Iron content of meat, and soybean flour, concentrate, and 
isolate, ug/g
Iron yg/g
Meat 37.96 + 9.36
Soybean Flour 201.09 + 7.25
Soybean Concentrate 192.40 + 5.05
Soybean Isolate 141.01 ± 5.35
Whole livers were freeze dried, and wet ashed for iron, copper 
and zinc determinations. Feces were wet ashed for analysis of the 
same minerals. These determinations were done in an Inductively 
Coupled Argon Plasma Quantometer, Model 34100 (Applied Research 
Laboratories, Sunland, CA).
Samples preparation involved digestion in approximately 25 ml of 
9N HNO^. The solution was boiled and evaporated to near dryness on a 
hot plate. The residue was then redissolved in 0.1N HNO^, filtered 
and transferred to a 25 ml volumetric flask.
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Table 5. Composition of the diets (% Dry Basis)
Diet Protein Fat
PERCENT
Carbohydrate Ash Cal
Basal 24.0 15.6 48.40 2.0 462.8
Meat Reference 23.17 18.00 58.40 .97 484.4
MF8020 30.73 16.89 53.38 .80 486.3
MF9010 31.02 18.67 51.48 1.46 495.8
MC8020 32.65 17.01 52.65 1.64 492.7
MC9010 31.78 18.63 48.14 1.46 485.8
MI8020 33.08 16.26 49.28 1.40 474.9
MI9010 31.78 18.12 48.80 1.34 483.8
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Colorimetric iron 
An in-vitro method as described by Miller and Schricker (1982) 
was used to estimate the iron availability in meat soybean systems 
using the same type of soy products and the same proportions as in 
the diets fed in the animal study. In this experiment, the addition 
of corn starch and oil was eliminated. The method involved a 
simulated gastrointestinal digestion and the measurement of low 
molecular weight soluble iron.
Preparation of the meat-soy systems 
Reagent grade chemicals and deionized water were used for all 
determinations.
The meat was divided into several portions. One portion was 
left intact (no addition of any soy product) and subdivided into 
three. A portion of meat was left uncooked. Some of the meat was 
broiled until an internal temperature of approximately 75°C was 
reached (well done). The remainder of the meat was microwaved to the 
same degree of doneness.
Blends of meat (80:20 and 90:10) and different types of soy 
(flour, concentrate and isolate) were cooked in a similar manner. 
Raw samples of soybean flour, concentrate and isolate were analyzed 
for dialyzable iron (see Table 4).
Six samples per treatment were blended to a creamy consistency 
using one and one half parts of water. After blending, the samples 
were adjusted to pH 2 with 6 N HC1, divided into 20 g aliquots and 
frozen (-20°C) for further use.
Pepsin digestion 
Frozen meat and meat-soy blend samples were thawed in a 37°C
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shaking water bath. Pepsin was added to provide 0.5 g per 100 g of 
sample. The samples remained in the water bath for 2 hours. After 
this time, samples were analyzed for titratable acidity (amount of 
0.5N KOH required to raise the pH to 7.5) and non-heme iron 
concentration. The remainder of the sample was stored in the freezer 
(-20°C).
Non-heme iron determination
Non-heme iron concentration was accomplished by the procedure 
outlined by Torrance and Bothwell (1968). Approximately 8 g of 
sample was weighed into 50 ml Erlenmeyer flask. Fifteen ml of an 
acid solution containing 1.5 moles of HC1 and 50 g of trichloroacetic 
acid dissolved in water was added. The mixture was brought to volume 
with water in a 500 ml volumetric flask. The flask were placed in an 
oven at 65 °C for 20 hours.
A 1.0 ml portion of the clear yellow solution in the flask was 
transferred to a test tube containing 10 ml of working chromogen
reagent. This working chromogen reagent was prepared by mixing 1 
volume of 0.1% chromogen reagent (0.1% bathophenanthroline sulfonate 
and 1% thioglycolic acid) with five volumes of saturated sodium 
acetate solution and five volumes of water. A blank was prepared by 
adding 10 ml of the working chromogen reagent to 1 ml of the acid 
solution. A standard was prepared by mixing 2 ml of an iron
standard solution containing 2 micrograms iron/ml with 9 ml of the
working chromogen solution. After 10 minutes the samples were read
in a Beckman Spectrophotometer 25 at 535 nm.
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Pancreatin digestion 
Sample aliquots (20g) of the pepsin digest were transferred to 
100 ml beakers. Portions of dialysis tubing (molecular weight
6-8000, Spectrapor I, Spectrum Medical Industries, Inc., Queens, 
N.Y.) containing 20 ml of water and an amount of NaHCO^ equivalent to 
the acidity of the sample were placed in each of those beakers. The 
beakers were incubated in a 37°C shaking water bath for 30 minutes. 
At this time, a pancreatin (Porcine pancreas-Sigma Chemical Co., St. 
Louis, MO) mixture (40 g pancreatin and 25 g bile in liter of . 1M 
NaHCO^) was added to each beaker and allowed to incubate for two
hours. After this process was completed, the dialysis tubing was
removed and the contents weighed and analyzed.
Determination of iron in the dialysates 
The iron in the dialysates was determined by a method proposed 
to measure serum iron in human blood (International Committee for 
Standardization in Hematology, 1971). Two ml of a protein 
precipitant solution (100 g of trichloroacetic acid, 100 g of 
hydroxylamine:HCl and 100 ml of concentrated HC1 dissolved in water 
and brought to volume of 1 liter) were mixed with 4 ml of dialysate 
in a test tube. The mixture was boiled for 10 minutes and 
centrifuged at 1100 X G for 30 minutes in a general purpose 
centrifuge, Model Cu-5000 (Damon/IEC Division).
Four mililiters of the supernatant were mixed with 2 ml of 
chromogen solution (250 mg of bathophenanthroline sulfonate dissolved 
in 2M sodium acetate and brought to volume of 1 liter). After 10 
minutes, absorbance was read at 535 nm.
42
Colorimetric iron was determined by the formula:
microgram Fe/ml dyalisate X ml dyalisate inn 
(j • X*~* X LOU
microgram non-heme iron/g of meal X 20 g
Effect of temperature and method of cooking on release of iron from 
the heme portion of meat.
The non-heme iron content of raw beef samples and samples
representative of the different treatments were obtained using the 
Torrance and Bothwell technique (1968). The only modification 
consisted of a larger sample size. Approximately 10 g of sample were 
digested in 15 ml of acid solution. A total of thirty-five samples 
were done. Raw (R), broiled rare (BR), broiled medium (BM), broiled 
well done (BW), microwave rare (MR), microwave medium (MM), and 
microwave well done meat samples were used in this study. Cooking 
temperatures for the different treatments were as follows: rare
50.0°C; medium 68.0°C and; well done, 75.0°C.
Amino acid analysis
Samples weighing between 0.2 and 0.4 g were introduced into 
hydrolysis tubes. Five mililiters of 6N HC1 were added to the tubes 
before applying a vacuum and sealing. The samples were hydrolyzed in 
an oven set at 110°C for 22 hours. Then, the samples were filtered 
with #42 Whatman filter paper into 250 ml round-bottom distillation 
flasks containing 40 ml of acidulated deionized water (20 ml HC1 per 
liter). The contents were evaporated to near dryness under reduced 
pressure with a rotary evaporator in a water bath maintained at 50°C.
From 1-2 ml of the residue was made up to 10 ml volume with 
sodium citrate buffer pH 2.2. The contents were filtered through a 
millipore filter (Millipore Corp., Bedford, MA.) of 2.2 micron pore 
size. The samples were kept frozen (-20°C) until further analysis.
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Analysis of amino acids was performed with 0.2 ml of sample 
using a Beckman Amino Acid Analyzer, Model 116.
Extraction of water-soluble proteins 
Water soluble proteins were extracted by the method of Laakkonen 
et al, (1970). Portions of 15 g of meat and meat-soy bean flour 
samples were homogenized in an Osterized blendor for 1 minute at low 
speed and three minutes at high speed with 60 ml of deionized water. 
Duplicate samples were centrifuged at 2000 G (3500 rpm) for 30 
minutes using a refrigerated Sorvall R-C2-B Centrifuge (Dupont 
Instruments) set at 0 ± 1°C. The supernatant was filtered
successively through Whatman #42 and Whatman #1 filter paper.
Protein concentration was determined in each sample using the 
Biruet test as described by Gornall et al. (1949).
A standard solution containing 10 mg/ml of bovine serum albumin 
(Sigma Chemical, St. Louis, MO.) was used in the determination of 
protein concentration. Dilutions ranging from 0 to 10 mg of protein 
were made (Figure 2).
Four mililiters of reagent were added to 1 ml of sample. The 
tubes containing this mixture were incubated for 20 minutes at 37°C. 
Absorbance was read at 540 nm using a Beckman 25 spectrophotometer. 
Results were expressed as mg of protein per mililiter of sample.
Electrophoretic study 
The effect of method of cooking on the destruction of water- 
soluble proteins in the meat and meat-soybean flour mixtures was 
investigated using the sodium dodecyl sulfate (SDS) gel 
elecrophoretic method of Weber and Osborn (1969).
SDS gels were prepared by mixing 3.75 g of acrylamide and O.lg
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of bis acrylamide in 50 ml of 0.1M sodium phosphate buffer (pH 7.5).
After deoxygenation for 20 - 30 minutes, ammonium persulfate was
added in the amount of 11.2 to 14.4 mg along with 25 ul of TEMED.
Further deoxygenation was performed for additional 3 minutes.
The gel solution was filled into electrophoresis glass tubes
(125 mm X 5mm) that had been acid washed and rinsed with photoflow
solution (1 ml/500ml of water). The ends of the tubes were sealed
with parafilm. The tubes were topped off carefully with deionized
water and the gels were allowed to set overnight.
Standard proteins
Bovine albumin (M.W. 66,000), egg albumin (M.W. 45,000),
glyceraldehyde 3-phosphate dehydrogenase (rabbit muscle- M.W.
36,000), carbonic anhydrase (bovine erythrocytes - M.W. 29,000),
trypsinogen (M.W. 24,000) soy trypsin inhibitor (M.W. 20,100), and
“-lactalbumin (M.W. 14,200) obtained from Sigma Chemicals, St. Louis,
MO. were used as molecular weight markers. Relative mobilities of
the marker proteins were used for molecular weight determinations of
the SDS - PAGE redissolved proteins.
Relative mobility (Rm) of the protein fractions were calculated
with the following formula:
R d 1
m = — a  —
d' 1'
where
d = distance traveled by protein fraction 
d' = distance traveled by tracking dye 
1 = total length of the gel before staining
1' = total length of the gel after staining
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Relative mobilities and molecular weights (Table 6) of the 
protein standards were used to construct a standard curve (Figure 3) 
to calculate the molecular weights of the samples.
Table 6. Relative Mobility of Standard Proteins
Protein Molecular Weight Relative Mobility
a-Lactalbumin 14,200 .94
Soy tripsin 20,100 .83
Trypsinogen 24,000 .72
Carbonic Anhydraset 29,000 .65
Glyceraldehyde 3- 36,000 .56
Phosphate Dehydro Genase
Egg Albumin 45,000 .50
Bovine Albumin 66,000 .36
Sample preparation 
Samples were mixed with an equal amount of a solution containing 
4% SDS and 2% beta-mercaptoethanol dissolved in 0.1M phosphate buffer 
pH 7.5.
Approximately 60 yg of protein were added to test tubes that 
contained 10 yl of bromophenol blue and 2 to 3 drops of glycerol. 
The samples were then transferred to gel tubes. The gel tubes were 
covered with buffer. Both chambers of the gel electrophoresis system 
were filled with SDS buffer solution. Protein samples were separated 
in an eighteen-tube capacity Bio-Rad electrophoresis unit, Model 155, 
equipped with a Buchler 3-1500 power supply (Fort Lee, N.J.). After 
the tracking dye had traveled to about 1.5 cm of the bottom of the 
tube, the system was stopped. The gels were removed from the glass 
tubes using a syringe by a technique described by Clark and Switzer 
(1977).
M
O
LE
C
U
LA
R
 
W
EI
G
H
T 
(x
IO
3)
47
60
y= 89.426 -(85 .688 ) x
50
40
30
20
Rm
Figure 3. Standard curve used for determination of 
protein molecular weights
48
With a sharp razor blade, the gels were cut at the point that
the tracking dye had stopped. The gels were then placed in culture
tubes containing a staining solution. The staining solution was 
prepared dissolving 2.5 g of Commassie Blue in 450 ml of methyl 
alcohol and 200 ml of acetic acid. The solution was brought to
volume (1000 ml) with deionized water. The gels were stained for 17 
hours at room temperature.
Destaining was performed immersing the gels in a solution made 
up of 75 ml of acetic acid, 150 ml of methyl alcohol and 775 ml of 
deionized water until the protein bands appeared clear. During the 
first eight hours of the destaining process, the solution was changed 
every 30 minutes and the tubes were immersed in a water bath set at 
40cC to accelerate the resolution of the bands. After this, the
destaining solution was changed every hour and the tubes were kept at 
ambient temperature.
When the destaining process was completed, the gels were
transferred to tubes that contained a 7.5% acetic acid solution for
proper storage.
Photodensitometric procedure 
The gels were scanned at 590 nm with a scan length of 125 on the 
visible analysis mode of the instrument. Optical density and auto 
gain ratios were 0 and 80, respectively. A 0.2 mm vertical slit
width was interposed between the glass tube and the photometer. 
Glass tubes containing the gels floating in a 7.5% acetic acid
solution were placed in the instrument to perform the scanning of the 
bands.
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Statistical procedures 
All the statistical analysis and computations were done 
according to Snedecor and Cochran (1956).
A 2 X 3 X 3 factorial design was utilized in the case of 
colorimetric iron and amino acid profiles to investigate the effects 
of method of cooking, type of soy and ratio of meat to soybean 
samples in the mixture. In the case of colorimetric iron, the mean 
values were calculated from the logarithm of the percentage of 
absorption and results were transformed to antilogarithm to return to 
the original unit percent of iron absorption (Martinez-Torres and 
Layrisse, 1971). Results from raw meat and soy samples were analyzed 
separately.
RESULTS AND DISCUSSION
Results of this investigation indicate that rats consuming 
meat-soybean diets were as efficient in Fe-absorption as rats 
consuming a meat diet, based upon a depletion-repletion test. 
Processing influenced the availability of iron contained in meat with 
the effect of temperature being of special importance. Similarly, 
the amount of meat and the type of soy used in the meat-soybean 
mixtures also appeared to have a marked effect.
Animal study
Body Weights
Tables 7 - 9  show results obtained from rats fed meat, 
meat-soybean mixtures and diets containing various levels of ferrous 
sulfate. Generally speaking, animals consuming diets containing 
different levels of ferrous sulfate (11, 22, and 33 pg/g) exhibited 
larger final weights than animals consuming meat diets. Animals 
consuming diet 11 showed significantly larger final body weights 
(P < 0.05) when compared to rats fed beef and beef-soybean diets. No 
statistical differences were observed among treatments containing 
ferrous sulfate. Animals consuming diets MF 9010, MC 8020 and MI 
8020 exhibited the lowest final body weights (P < 0.05).
Differences observed among groups of animals fed a basal diet 
and diets containing 11, 22 and 33 pg/g iron added to the respective 
diets are illustrated in Figure 4. As expected, animals eating the 
basal diet showed the lowest final weights. In Figure 5 it can be 
observed that animals consuming the meat-soybean flour mixtures 
reached similar final weights. Animals fed meat diets showed a
50
51
Table 7. Body weight (gm) of rats consuming experimental diets
WEEK
Diet 0 1 2 3
0 260.6 + 49.la 299.4 ± 37.lab 329.9 ± 32.5abc 354.:3 ± 36.0bc
11 290.0 + 27.13 329.0 + 32.4a 362.7 ± 39.5a 393.9 + 35.7a
22 275.3 + 31.3a 320.7 + 20.1ab 349.3 + 17.9ab 378.6 Hr 14.8ab
33 284.3 + 37.7a 320.4 ± 44.4ab 349.6 + 53.3ab 368.4 ± 75.9abC
M 274.0 + 28.4a 293.3 + 24.7ab 323.9 ± 21.7bc 365.6 Hr 22.7 abG
ME8020 276.7 + 34.8a 288.9 ± 33.3b 309.1 ± 22.4C 343.6 ±
o0000 
I-^
MF9010 276.4 + 40.6a 290.1 ± 33.3b 309.0 ± 29.5C 338.3 + 25.6C
MC8020 272.4 + 47. la 284.3 35.6b 305.3 + 29.8C 338 ± 24.3C
MC9010 283.3 + 26.0a 295.6 18.9b 317.4 ± 24.3bc 347.3 ± 19.9bc
MI8020 277.7 + 26.7a 284.3 ± 18.9b 305.7 ± 18.6C 333.9 + 19.4C
MI9010 281.0 + 35.5a 292.3 + 33.lab 315.1 ± 32.4bc 347.6 + 25.7b<;
Means with different letter differ significantly (P < 0.05)
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slightly higher final weight. This pattern was repeated in the case 
of meat-soybean concentrate mixtures as compared to meat diets 
(Figure 6). Animals eating meat-soybean isolate mixtures had a 
similar performance (Figure 7).
An analysis of covariance was performed on weight gain to 
eliminate the effect of feed consumption. Weight gain means 
corrected by covariance showed differences (P <0.05) only for 
treatments MF 9010 and MI 8020. The remainder of the comparisons 
made among treatments showed no statistical differences. Obviously, 
feed consumption had a very important effect on final weights 
attained by the animals. Those differences in feed consumption could 
have been due to the nature of the diets. The basal diet was a dry 
feed, while the meat and meat-soybean mixture diets were not. 
Hemoglobin
Differences among treatments in hemoglobin and hematocrit values 
can be observed in Tables 8 and 9, respectively. At the conclusion 
of the experiment, the animals of the basal diet were distinctly 
different from the other groups. Hemoglobin values of animals 
consuming the basal diet remained essentially unchanged for the 
duration of the experiment (Figure 8).
An analysis of covariance was performed on hemoglobin gain to 
eliminate the effect of amount of iron consumed. Hemoglobin gain 
means corrected by covariance narrowed the differences among 
treatments. Diets 0 and M showed the lowest gains. There were no 
statistical differences among the remainder of the treatments. 
Hemoglobin gains corrected by covariance were lower in animals on 
the meat diet as compared to those of animals on meat-soybean mixture
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Table 8. Hemoglobin (gr/dl blood) of rats consuming experimental 
diets
WEEK
Diet 0 1 2 3
0 9.9 + 0.9a 9.8 ± 0.6d 10.4 + 1.3a 10.0 ± 1.5°
11 9.7 + 0.9a 11.7 ± 1.0° 12.7 + 1.2d 13.0 ± 0.7b
22 9.2 + 1.2a 12.1 + 1.6bc 14.2 + 0.8abc 14.7 + 0.6a
33 9.5 + 0.5a 12.6 ± 0.7a 15.1 ± 0.5a 14.6 ± i.oa
M 10.3 + 1.2a 11.4 ± 1.4C 12.7 + 1.3d 13.0 + 1.3b
MF8020 10.3 + 0. 7a 13.0 + i.oab 14.9 ± 0.9ab 14.7 ± 0.8a
MF9010 9.6 + 1.4a 11.8 ± 1.4bc 13.5 + 0.9cd 14.2 ± 0.6a
MC8020 9.9 + 1.4a 12.3 + l.lbc 13.9 +
, 1abed
X • X 14.3 + l.la
MC9010 9.6 + 1.5a 12.5 + 0.9abc 13.3 + l.lcd 14.0 + 0.8ab
MI8020 9.6 + 0.7a 12.0 + 0.9bc 13.8 + 0.2bcd 14.8 + 0.6a
MI9010 9.6 + 0.7a 12.1 + i.obc 13.4 + l.lcd 13.9 + 0.8ab
Means with different letter differ significantly (P < 0.05)
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diets. Possibly this was due to the larger proportion of non-heme 
iron present in the latter case.
Hematocrit
In the case of hematocrit, animals consuming the basal diet 
possessed the lowest values (Table 9). Animals consuming 
supplementary iron (11, 22, and 33 Pg/g) reached higher hematocrit 
values. In the case of meat and meat-soybean mixtures, the 
hematocrit values followed the same trend observed with the 
hemoglobin concentration of blood. Hematocrit values of rats 
consuming diets containing only meat were lower than those from 
animals consuming meat-soybean mixtures (Figures 13-15).
A covariance analysis was also done in the case of hematocrit 
gain. No statistical differences were observed among treatments 
except for rats consuming the basal diet. This treatment exhibited 
the lowest hematocrit value.
Hemoglobin Efficiency
No statistical differences could be found among groups of 
animals on meat diets and diets containing meat-soybean mixtures, 
when the hemoglobin gain was related to iron consumed during the same 
period of time and to weight gains (Table 10). An efficiency of 
approximately 0.08 g hemoglobin per mg of iron consumed was observed 
in each of the treatments with meat and meat-soybean mixtures.
Hemoglobin efficiencies of 0.02, 0.04, and 0.06 g/mg Fe have 
been reported by Ranhotra e£ al. (1981) in rats fed milk fortified 
with 5.39, 2.53 and 1.70 mg iron, respectively. Cowan al^  (1966) 
also found efficiency values of 0.245, 0.216, and 0.222 when rats 
consumed 1.56, 2.39 and 3.36 mg iron.
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Table 9. Hematocrit of rats consuming experimental diets.
WEEK
Diet 0 1 2 3
0 35.0 + 2.8a 36.7 + 4.9d 37.3 + 3.1d 39.3 ± 3.4C
11 34.0 + 2.0a 39.4 + 3.3dc 45.1 + 4.9bc 47.3 ± 2.9ab
22 33.3 + 3.2a 40.9 + 2.7abc 46.9 + 2. lac 48.3 1+
 
f—* S
-
33 33.9 + 1.6a 44.6 + 1.9a 48.7 + 1.5a 48.3 ± 2.9ab
M 37.1 + 6.3a 39.1 + 3.7dc 42.1 + 2.7C 46.0 ± 4.0b
MF8020 35.9 + 2.0a 43.9 + 2.7ab 48.1 + 1.9ab 49.4 ± 3.0a
MF9010 33.4 + 5. la 40.3 + 2.9dc 45.0 + 1.6bc 47.7 i 1.6ab
MC8020 35.3 + 4.5a 42.4 + 2.9abc 46.7 + 2. lab 47.4 ± i.oab
MC9010 33.4 + 3.7 3 41.4 + 2.4abc 45.0 + 3,0bC 47.3 ± 3.0ab
MI8020 35.0 + 3.4a 41.3 + 2.4abc 46.6 + 2. lab 49.0 t 1.8ab
MI9010 35.1 + 2.4a 41.0 + 3.0abc 45.9 + 2.3ab 47.7 i 1.8ab
Means with different letter differ significantly (P <0.05)
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Figure 12. Hematocrit values of animals fed a basal diet and diets 
containing various levels of ferrous sulfate
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Figure 13. Hematocrit values of animals fed meat and meat-soybean flour mixtures
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Figure 14. Hematocrit values of animals fed meat and meat-soybean concentrate mixtures
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Figure 15. Hematocrit values of animals fed meat and meat-soybean isolate mixtures
Table 10. Hemoglobin efficiency (g/mg iron) of rats consuming experimental diets
DIETS
- 11 22 33 M MF8020 MF9010 MC8020 MC9010 MI8020 MI9010
Dietary iron (pg/g) - 11 22 33 38.5 60.2 55.6 59.2 55.1 72.1 52.7
Body weight gain (g) 93.7 103.9 103.3 84.1 91.6 66.9 61.9 65.9 64.0 56.2 66.6
Diet intake* (g) 401.3 466.2 431.9 422.9 400.7 313.3 320.3 311.5 319.0 309.4 319.4
Iron intake (mg) - 5.13 9.50 13.96 15.41 18.84 17.80 18.44 17.58 22.31 16.83
Initial Hb (g/dl) 9.9 9.7 9.2 9.5 10.3 10.1 10.1 10.0 9.6 9.6 9.6
Final Hb (g/dl) 10.0 13.0 14.7 14.6 13.0 14.7 14.2 14.3 14.0 14.8 13.9
Hb gain** (g) - 1.39 2.03 1.79 1.29 1.50 1.40 1.40 1.40 1.50 1.40
Hb efficiency 
(g/mg iron) - 0.27'a 0.21ab 0.13b 0.08'c 0.08c 0.08c 0.08c 0.08c 0.07c 0.08°
Means with different letters differe significantly (P < 0.05)
* Dry basis
** Calculation based on blood volume (6.7 ml/lOOg) of rats and their hemoglobin concentrations (g/dl) at 
day 0 and day 21
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Results obtained in the present experiment indicated a low 
absorption of iron from meat and from meat-soybean diets by rats. 
The hemoglobin efficiency observed in animals consuming diets with 
supplemental iron approached levels as previously reported. There 
were clear differences between types of iron utilized by rats with 
inorganic iron being better absorbed.
There seemed to be a contradiction between hemoglobin gain 
corrected by iron intake and hemoglobin efficiency. However, in the 
case of hemoglobin efficiency a consideration of blood volume and 
body weight is made. The same considerations are not made for 
hemoglobin gain.
Liver and Feces Study
Average liver weights per treatment are shown in Table 11. 
Animals consuming diets MF 9010, MC 8020, MC 9010 and MI 8020 
exhibited lower liver weights than other groups (P < 0.05). This 
could have been a consequence of the smaller weight gains observed in 
the latter animals. In fact, a significant correlation (P < 0.05) was 
found between liver weights and final body weights ( r=0.65). No 
association was observed between liver weights and hemoglobin 
(r=0.08) and liver weights and hematocrit values (r=0.03). However, 
similar observations were made by Akobundu (1980), who fed different 
corn-cowpea mixtures to rats for a period of 13 days. The author 
found that overall weight gain was accurately reflected in liver 
weights. Quality of protein affected those weights, also. He 
concluded that rats on poor protein diets tended to have larger 
livers.
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Table 11. Weight and mineral content (iron, copper and zinc) of 
livers of rats consuming experimental diets
Diet Liver Weight, g Fe,mg Zn,mg Cu,mg
0 11.8
11 13.6
22 13.2
33 12.4
M 13.0
MF8020 12.2
MF9010 10.2
MC8020 11.0
MC9010 10.7
MI8020 10.9
MI9010 11.8
± 1.5abc 0.445
± 2.la 0.843a
± 1.4a, 0.945a
± 2.1 0.866a
± 1.3a. 0.603
± 1.0 0.993a
± 1.3a 0.618a
± 1.6bc 0.786a
± 0.8bc 0.715a
± 0.9 f 0.909a
± 1.7 0.803a
0.296 0.071
0.319 0.057
0.337 0.059
0.287 0.047
0.286 0.045
0.297 0.044
0.258 0.042
0.278 0.040
0.272 0.040
0.270 0.042
0.292 0.045
Means with different letter differ significantly (P < 0.05)
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The amount of iron present in livers of rats consuming the basal 
diet and the meat diet were significantly lower (P < 0.05) than the 
amount of iron in livers of the rest of the animals in the experiment 
(Table 11). This implied that the rats could not assimilate 
sufficient iron from the basal diet to accumulate large amounts of 
liver iron. In the case of the meat diet, rats absorbed more iron 
than those consuming the basal diet, but less than the remainder of 
the population. This could be attributed to the fact that rats 
absorb heme iron only with difficulty. Nevertheless, mineral content 
of livers was within a range that could be considered normal. Havivi 
and Guggeheim (1965) reported values of 5.5 to7.5 mg Cu/kg dry liver 
and 110 mg of zinc/Kg dry liver when they fed 3 to 4 week old mice 
and rats an unsupplemented meat diet. Magee and Spahr (1964) found 
copper, iron and zinc concentrations of 9.4, 316, and 48 ug/g when 
they fed rats diets containing soybean meal.
A study of correlations indicated a positive and significant
(P < 0.05) association between liver iron and liver weight (r=0.53),
liver copper and liver weight (r=0.75). This could be expected,
since minerals in this study were provided in sufficiently large
amounts to be utilized. It has been shown by Van Campen (1966) that
64zinc depressed total uptake of Cu. However, it did not affect the
6
relative distribution of Cu among tissues such as heart, kidneys, 
liver and spleen. Pronounced imbalances of copper and zinc in the 
diet could raise problems in iron metabolism. Havivi and Guggenheim
(1965) and Cox and Harris (1960) have found a decrease in the 
activity of cytochrome oxidase and other iron-containing enzymes in 
liver as a consequence of an excess of zinc in the diet. Copper
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concentrations would not be sufficient to counteract these adverse 
effects and further mobilize liver iron. This zinc-copper antagonism 
was also observed by Bunn and Matrone (1966), who found that when 
copper was omitted or zinc without copper was added to the diet, iron 
accumulated in the liver. These authors believed this was due to the 
fact that copper concentration was not adequate for normal iron 
mobilization and utilization.
It can be observed in Table 12 animals consuming diets with 
supplemental iron tended to excrete more iron and copper in the feces 
as compared to those on meat-soybean mixtures. Obviously, they were 
excreting minerals they did not need due to the fact that these 
animals accumulated the largest amount of those minerals in the 
liver. Animals on the meat diet also excreted significant amounts of 
iron, zinc, and copper. Explanations could have been different, and 
perhaps related to the utilization of heme iron by the rat.
When the relationship between concentrations of minerals 
contained in the feces was studied, only the concentration of iron to 
that of copper showed a high degree of association (r=0.69; P < 
0.05). Other comparisons (iron to zinc, and copper to zinc) showed 
no relationship.
The fact that there was no correlation between iron deposited in 
the liver and iron excreted in the feces substantiates the theory 
that animals under most of the treatments were obtaining sufficient 
iron to cover marginal physiological needs.
Table 12. Weekly measurement (mg) of iron, copper and zinc content of feces from rats consuming 
experimental diets
WEEK 1 WEEK 2 WEEK 3 TOTAL
Diet Fe Zn Cu Fe Zn Cu Fe Zn Cu Fe Zn Cu
0 0.3 0.4 0.4 0.5 2.0 0.4 0.6 0.8 0.7 1.3 3.1 1.5
11 0.8 1.3 0.4 0.9 1.5 0.6 1.3 2.4 0.7 2.9 5.1 1.7
22 1.3 1.6 0.4 2.0 2.8 0.7 2.7 3.2 0.8 5.9 7.5 1.9
33 1.6 0.6 0.4 1.9 0.8 0.5 3.1 1.1 0.7 6.5 2.4 1.6
M 1.1 1.8 0.5 1.8 6.5 0.6 2.7 8.2 0.9 5.6 16.6 1.9
MF8020 0.5 2.9 0.4 1.0 4.0 0.5 0.8 3.8 0.5 2.3 10.6 1.3
MF9010 0.7 2.3 0.3 0.7 4.3 0.5 1.1 3.4 0.4 3.0 10.0 1.2
MC8020 0.5 2.1 0.4 1.0 3.5 0.5 0.9 3.7 0.4 2.4 9.3 1.2
MC9010 0.6 2.1 0.4 0.9 3.3 0.4 1.1 4.7 0.4 2.6 10.0 1.1
MI8020 0.8 3.5 0.5 0.8 3.8 0.5 0.6 3.7 0.5 2.1 11.0 1.4
MI9010 0.7 2.8 0.4 1.3 3.8 0.6 1.0 3.4 0.5 3.0 9.9 1.5
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Colorimetric Iron
Results of the present investigation indicate that method of 
cooking, type of soybean preparation and amount of meat present 
influenced the absorption of non-heme iron of meat-soybean mixtures 
measured in vitro. Raw meat-soybean mixtures exhibited differences 
in the order of 50% as compared to broiled meat-soybean mixtures. 
Differences were even larger in the case of microwaved meat-soybean 
mixtures (Table 13).
Disler jet al (1975) found an increase in the absorption of iron 
contained in corn meal that had been cooked in the presence of
ascorbic acid as compared to uncooked corn meal. Also, Asworth 
et al. (1973) reported a higher iron absorption in baked maize. 
According to Rackis ££ al. (1975) and Sayers et^  al. (1973), the
method of cooking can be responsible for the poor retention of iron 
from soybean and soybean products. Theuer ail. (1973) found a 
large increase of available iron in canned infant formulae as
compared to unprocessed formula. They attributed these results to 
the effect of thermal processing. Asworth et al. (1973) observed a 
4.1% increase in iron absorption of baked soybeans as compared to 
those that were boiled. Steinke and Hopkins (1978) tested three
different soybean isolates against ferrous sulfate and found relative 
iron availabilities in the order of 60, 64 and 59%. Autoclaving some 
isolates at 108.4°C improved the availability of iron. Results 
obtained in the present investigation were in disagreement with those 
of the above references. Method of cooking obviously influenced the 
absorption of iron (Table 13), but the effect of heat in this case 
was detrimental. Colorimetric iron was higher in raw meat-soybean
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Table 13. Mean values of colorimetric iron 
beef-soybean mixtures according
and non-heme iron of 
to methods of cooking
Method Colorimetric Iron (%) Non-heme iron (ug/g)
Raw 11.03a 9.66C
Broil 6.32b 22.54a
Microwave 2.21C 15.43b
Means with different letters different significantly (P < 0.05)
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mixtures and decreased when the mixtures were broiled and microwaved. 
Our results could be due to a combination of the effects of type of 
soybean, and amount of meat present in the mixture. This assumption 
is made based on the fact that interactions of method X type, 
method X blend, type X blend, and method X type X blend were 
significantly different (P < 0.05).
It can be observed in Table 14 that the type of soybean used 
played a decisive role in the availability of the iron. Soybean 
flour exhibited better availability than either soybean concentrate 
or soybean isolate (Table 15). These results are in agreement with 
those reported by Cook et al_.(1981) who found better availability of 
iron in full-fat soybean flour as compared to isolated soybean 
protein.
Conversely, it has been reported by Igene et 1979) that the
amount of bound heme iron in fresh meat pigment extract was about 
90%, while the level of free nonheme iron was less than 10%. Cooking 
released a significant amount of non-heme iron from bound heme 
pigments. A similar response was obtained by Chen £1: al. (1983) who 
concluded that heating influenced the release of non-heme iron from 
meat pigment extract. Turnbull et^  al^ (1962) found that cooking did 
not change the absorption of hemoglobin iron. Nevertheless, 
hemoglobin is not the main pigment present in meat.
Results of the present investigation revealed that the amount of 
non-heme iron was altered by cooking. Microwaved and broiled meat 
samples showed larger amounts of non-heme iron as compared to raw 
meat (Table 17). It can be observed in Table 17 that although the 
amount of non-heme iron increased with cooking, the absorption of
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Table 14. Mean values of colorimetric iron and non-heme iron of 
beef-soybean mixtures according to type of soybean
Type Colorimetric iron (%) Non-heme iron (p g/g)
Flour 16.603 18.763
Concentrate 4.66b 12.80C
Isolate 1.99° 16.07b
Means with different letters differ significantly (P < 0.05)
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Table 15. Mean values of colorimetric iron and non-heme iron in soybean 
samples
Sample Colorimetric iron (%) Non-heme iron (pg/g)
Soybean flour 3.54 ± 0.3a 36.1 ± 0.51a
Soybean concentrate
rO
CM
O0+100\o1 27.9 ± 4.30a
Soybean isolate 0.53 ± 0.006C 22.2 ± 3,00a
Means with different letters differ significantly (P < 0.05)
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Table 16. Mean values of colorimetric iron and non-heme iron of
beef-soybean mixtures according to the amount of beef used
Beef:Soy Colorimetric iron (%) Non-heme iron (ug/g)
90:10
cd00t-H00 13:61b
80:20 3.45b 18.32a
Means with different letter differ significantly (P < 0.05)
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iron decreased at the same time.
A similar trend was noticed in the case of meat-soybean mixtures 
(Table 13). The amount of non-heme iron increased at the same time 
the availability of that iron decreased due to the cooking process. 
Colorimetric iron appeared to be adversely influenced by the amount 
of non-heme iron present in the meat. Lower values of non-heme iron 
corresponded to higher readings of colorimetric iron.
Electrophoretic Study
SDS gel electrophoresis showed differences in band distribution 
of meat and meat-soybean flour mixtures attributable mainly to the 
effect of cooking. Different patterns were observed in raw, broiled 
and microwaved meat, as well as in raw, broiled and microwaved 
meat-soybean flour mixtures.
Meat Samples
Fourteen distinct bands were observed in the case of raw meat 
samples. Nine bands were present in broiled meat samples, but the 
relative amount of low molecular weight bands changed significantly 
(Table 20). Bands from raw meat samples ranging from 14,000 and 
29,000 daltons constituted 21.4% of the total number of bands. Only 
1 band was present in broiled meat that fell into that range. 
Microwaving meat resulted in a greater number of bands. It seemed 
that the protein present in raw samples was fractionated into smaller 
units. It is very important to note that a 13,000 molecular weight 
band was present in the microwaved meat sample. The lowest molecular 
weight protein present in the broiled sample was 24,000 daltons. 
Myoglobin and its various forms, according to Prince and Schweigert 
(1978), is not the only pigment in muscle. However, it is generally
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Table 17. Mean values 
samples
of colorimetric iron and non-heme iron in beef
Sample Colorimetric iron (%) Non-heme iron (ug/g)
Raw beef 17.18 ± 0.48a 3.17 ± 0.23b
Broiled beef 6.03 ± 3.88C 16.20 ± 0.03a
Microwaved beef 9.02 ± 4.85b 16.33 ± 0.63a
Means with different letter, differ significantly (P < 0.05)
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Table 18. Water-soluble protein concentration (mg/ml extract) and pH of 
meat and meat-soybean flour extracts
Raw Broil Microwave
Cone. pH Cone pH Cone pH
M 7.51 5.60 2.31 5.83 1.32 5.95
MF7030 6.43 5.96 4.77 6.10 2.65 6.37
MF8020 7.09 5.80 4.51 6.05 2.24 6.14
MF9010 6.85 5.69 2.00 6.01 1.86 6.18
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Table 19. Cooking loss in meat and meat-soybean flour mixtures
Cooking Loss (%)
Broil Microwave
M 44.1 + 0.14 50.8 ± 0.36
MF7030 45.5 + 0.00 39.9 ±0.14
MF8020 46.0 + 0.10 35.4 ± 0.14
MF9010 44.1 + 0.12 39.7 ± 0.28
MI8020 44.0 + 0.00 47.7 ± 0.42
MI9010 44.6 = 0.36 42.4 ± 0.00
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Table 20. Effect of cooking method 
soluble proteins of beef
on relative concentration of water-
Raw Broil Microwave
Relative Relative Relative
Mol. wt Concentration Mol. wt Concentration Mol. wt Concentration
14,000 h 24,000 m 13,000 h
24,000 1 44,000 1 38,000 m
27,000 1 50,000 m 42,000 m
31,000 h 47,000 m 49,000 1
36,000 m 64,000 h 53,000 m
38,000 m 48,000 m 61,000 h
42,000 h 75,000 1 62,000 m
44,000 h 78,000 1 72,000 1
48,000 h 79,000 1 75,000 1
51,000 h 77,000 1
59,000 h
70,000 m
77,000 1
78,000 1
1 = light
m = medium
h = heavy
85
the only pigment present in large enough quantities to color the 
tissue. The native structure of myoglobin is dependent upon the
integrity of the intact molecule, which has a molecule weight of
about 17,800 daltons. Therefore, most of the heme-containing 
proteins in the muscle are within a range of 10,000 to 30,000 
daltons. The destruction of bands within this range would release 
iron from the heme nucleus of the protein molecular in a manner 
proportionate to the degree of damage.
Detrimental effects of heat on muscle proteins have been studied
previously. Quinn et^  al (1964) found that myoglobin was noticeably 
affected by heating beef to 55°C for 5 minutes. Nevertheless, Lee 
et al. (1974) reported only five intensely colored bands after 
cooking beef at 65°C. The number of bands decreased as the meat was 
further cooked to 70, 75, 80, 85 and 90°C. At 90°C only one band 
could be distinctively observed. Ritchey and Hostetler (1964) cooked 
beef at 61, 68, 74 and 80°C and found that denaturation of muscle 
protein caused a loss in their ability to bind either their own or 
added water.
A weight loss of over 40% was observed from beef samples after 
cooking (Table 19) .• This could be an effect of sample size. In this 
experiment lOOg portions were cooked. The effect of broiling seemed 
to be less pronounced than microwaving. This observation agrees with 
the fact that microwaving also showed the lowest concentration of 
water-soluble proteins (Table 18). While working with ham, Cohen
(1966) reported values of 5.10 to 9.24 mg of water-soluble protein 
per ml of extract, and 2.60 to 4.48 for samples cooked at 120°F and 
150°F, respectively.
Bowers et_ al (1974), using 454 g portions, found differences in 
cooking losses of pork when they compared microwave cooking with 
conventional oven cooking. They reported 24.4% and 29.3% loss when 
samples were microwaved at 75 and 85°C, respectively. Losses of 15.6 
and 18.0% were found in samples cooked in the oven at similar 
temperatures. In the present experiment, microwaving exerted a more 
detrimental effect on water-soluble protein contained in meat. 
However, it resulted in a less severe treatment to the lower 
molecular weight fractions of those same proteins (Tables 18 and 20). 
In Table 20 it can be observed that 18.4% of the total protein 
corresponded to fractions ranging between 12,000 and 23,000 daltons 
as compared with 6.1% of a 22,000 dalton fraction obtained for 
broiled beef samples.
Dowdie and Biede (1983) reported that high temperatures do not 
necessarily cause complete denaturation of protein subunits, but 
possibly various degrees of dissociation of functional groups such as 
the carboxyl and amino groups. Structural variation of the 
porphyrin-globin linkages have been reported by Quinn and Pearson 
(1964). They attributed this effect to certain acid cleavage. Hay 
et al. (1973), studying myofibrillar and sarcoplasmic proteins in 
chicken muscle, concluded that only a few specific breaks in the 
peptide chain of this type of protein would produce changes that 
could be observed in the gel. According to Laakkonen et al. (1970) 
the difference in number of bands in water-soluble protein samples 
could also be due to the pH of the extract. The number of bands 
decreased in both microwaved and broiled samples. Nevertheless, a 
greater number of more intensely colored bands was present in
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microwaved samples. Figure 16 depicts distinct electrophoretic 
patterns in the case of raw, broiled and microwaved beef samples. 
Peaks denoting lower molecular weight fractions are closer together 
in the case of raw and microwaved samples as compared to broiled 
samples. It can be noted in Table 18 that the pH values of meat 
extracts differ among raw, broiled and microwaved samples. In 
particular, microwave samples exhibited the highest pH. These
differences in pH could have caused part of the changes in the
configuration of the proteins, subsequently exhibited as new bands.
Chambers £t al. (1982) found no effects of moist, dry heat, 
conventional and microwave cooking on the histological
characteristics of bovine and porcine muscles. Nevertheless, fat
quantity and distribution scores for both bovine and porcine muscle 
increased with heating. Scores for muscle cooked in the microwave 
oven were higher than those of samples cooked in the conventional 
oven, except for porcine muscle cooked by dry heat.
Beef-soybean flour mixtures
It can be observed in Tables 21-23 that both broiling and 
microwaving decreased the number of bands in SDS gels corresponding 
to beef-soybean flour mixtures 70:30, 80:20 and 90:10. The number of 
bands observed in the case of broiled samples was always smaller than 
the observed in microwaved samples.
The relative concentration of bands corresponding to broiled 
beef-soybean samples was in general of a lighter intensity as 
compared to that of microwave samples. As in the case of beef, 
microwaving showed a less detrimental effect on proteins of low 
molecular weight than broiling in the different beef-soybean flour
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Table 21. Effect of cooking method on relative concentration of water- 
soluble proteins of beef-soybean flour mixture (70:30)
Raw Broil Microwave
Mol. wt
Relative
Concentration Mol. wt
Relative
Concentration Mol. wt
Relative
Concentration
12,000 h 25,000 1 13,000 h
22,000 m 40,000 1 22,000 1
29,000 m 45,000 1 28,000 1
35,000 m 50,000 1 36,000 1
37,000 m 59,000 1 39,000 h
40,000 h 44,000 h
44,000 h 49,000 h
46,000 h 56,000 h
50,000 h
57,000 h
63,000 1
65,000 1
72,000 m
79,000 m
80,000 m
1 = light
m = medium
h = heavy
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Table 22. Effect of cooking method on relative concentration 
soluble proteins of beef-soybean flour mixture (80
of water- 
:20)
Raw Broil Microwave
Mol. wt
Relative
Concentration
Relative
Mol. wt Concentration Mol. wt
Relative
Concentration
14,000 h 27,000 1 15,000 m
25,000 1 44,000 1 44,000 m
27,000 1 51,000 1 50,000 m
31,000 h 52,000 1
37,000 m 62,000 m
38,000 m
42,000 h
45,000 h
49,000 h
51,000 h
59,000 h
66,000 1
66,000 1
71,000 h
76,000 m
78,000 m
1 = light
m = medium
h = heavy
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Table 23. Effect of cooking method 
soluble proteins of beef-
on relative concentration of water- 
-soybean flour mixture (90:10)
Raw Broil Microwave
Mol. wt
Relative
Concentration Mol. wt
Relative Relative 
Concentration Mol. wt Concentration
14,000 h 17,000 1 17,000 m
20,000 m 31,000 1 23,000 m
29,000 m 46,000 1 30,000 1
32,000 h 50,000 1 49,000 m
35,000 h 55,000 1 50,000 1
41,000 h 61,000 1 55,000 m
44,000 h 60,000 1
47,000 h 82,000 1
49,000 h
52,000 h
60,000 m
64,000 m
65,000 m
72,000 h
78,000 m
79,000 m
1 = light
m = medium
h = heavy
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mixtures.
In the cases of beef-soybean mixture (70:30), fifteen bands were 
obtained in the range of 12,000 to 80,000 daltons. When the sample 
mixture was broiled, only five bands were observed and the lowest 
molecular weight protein corresponded to a 25,000 dalton band (Table 
21).
Table 22 shows that the microwaved beef-soybean flour 
mixture (80:20) showed a pattern similar to the rest of the 
beef-soybean mixtures. Broiled samples showed a 27,000 dalton band 
as the lowest molecular weight fraction and microwaved samples 
exhibited a very distinctively colored 15,000 dalton band. The 
number of bands in the case of beef-soybean mixture (90:10) was 16,
6 and 8 for raw, broiled and microwaved samples, respectively (Table 
23) .
Figures 16 - 19 show the electrophoretic patterns of beef and 
beef-soybean flour samples as influenced by method of cooking. Those 
patterns show the different changes that the proteins contained in the 
beef-soybean flour samples underwent as a result of cooking, possibly 
related to the nature of the soy product used. The electrophoretic 
patterns clearly define the higher amounts of lower molecular weight 
fractions present in microwaved samples. Armstrong £t al_. (1978) 
studied the effect of heat on the electrophoretic behavior of soy 
milk and an acid precipitated protein fraction. They found that the 
major effect of heat was a breakdown of higher molecular-weight 
fractions into lower molecular weight moieties. Increased heat 
treatment produced a product that had poorer solubility, a wider 
isoelectric range and less emulsion capacity and stability.
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Figure 16. Electrophoretic patterns of raw, broiled and 
microwaved beef samples
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Figure 17. Electrophoretic patterns of raw, broiled and
microwaved beef-soybean flour (70:30) mixtures
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Figure 18. Electrophoretic patterns of raw, broiled and
microwaved beef-soybean flour (80;20) mixtures
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Figure 19. Electrophoretic patterns of raw, broiled and 
microwaved beef-soybean flour (90:10) mixtures
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Microwave treatment produced a different electrophoretic profile than 
that of oven treatment.
Effect of method of cooking and temperature on the release of iron
There were statistical differences (P < 0.05) in non-heme iron 
content of beef samples between methods of cooking and temperature. 
These differences revealed the importance of method and how 
extensively the meat is cooked on the quantity of heme iron that 
could be transformed into non-heme iron at a given time.
Method
It can be observed from Table 24 that non-heme iron content of 
raw beef sample averaged 3.20 yg/g.  This amount of non-heme iron 
increased in both microwaved and the broiled beef samples. It can be 
noted that the increase of non-heme iron in the microwave samples was 
less (P < 0.05)than that of broiled samples. The microwave treatment 
produced less pronounced differences than the broil treatment in this 
respect. More damage to the heme portion could have occurred in the 
case of broiled samples. Igene at al (1979) found an increase of 
18.3% of non-heme iron in beef water extracts due to the effect of 
cooking. They reported 1.80 yg/g of meal in fresh meat water 
extracts and 4.18 yg/g of meal in cooked meat water extracts. These 
lower values could be attributed to the manner in which samples were 
prepared. In this case, they were aqueous extracts of beef. They 
concluded that non-heme iron was the major cause in developing 
warmed-over flavor in meats and not myoglobin as was first proposed. 
Shricker and Miller (1982b) obtained values of 9.9 yg/g for fresh 
beef and 20.9 yg/g for heated fresh beef. They also found 
differences in non-heme iron content among different muscles. Values
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Table 24. Mean non-heme iron values of raw, 
beef samples
broiled and microwaved
Cooking Method Mean, yg/g
Raw 3.20C
Microwave 5.5 lb
Broil 7.79a
Means with different letter differ significantly (P < 0.05)
of 8.4, 9.8, 10.4 and 10.4 yg/g were obtained for Longissimus dorsii, 
Triceps brachii, Gluteus medius and Biceps femoris, respectively. 
Shricker and Miller (1983) reported increases of non-heme of beef 
samples form 10 to 100% depending upon type length and severity of 
heat treatment. Temperature of cooking and the method of cooking 
should be considered to ascertain the amount of iron released. 
Shricker and Miller (1983) found approximately a 40% decrease in heme 
iron for more severe treatments, such as baking or microwaving, when 
using very small samples.
Temperature
Table 25 shows that cooking temperature was an important factor 
in the release of non-heme iron. Mean non-heme iron values of 3.20, 
4.02, 4.29 and 11.63 yg/g were obtained for raw samples and samples 
cooked to 50, 68 and 75°C internal temperature, respectively. There 
were no differences among samples cooked to 50 and 68°C. The 
differences in the heat treatments might not have been large enough 
to produce any noticeable effect. Sampling method could have also 
influenced non-heme iron release. Shricker and Miller (1983) found 
that surface samples of cooked beef contained higher quantities of
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non-heme iron than center samples. According to these authors 
surface samples were probably exposed to higher temperatures and 
more atmospheric oxygen than center samples.
Table 25. Mean non-heme iron values of raw beef samples and beef 
samples cooked 50, 68 and 75°C internal temperature
Temperature °C Mean pg/g
Raw 3.20a
50 4.02b
68 4.29b
75 11.633
Means with different letters differ significantly (P < 0.05)
A correlation coefficient of 0.56 (P < 0.05) was found between 
non-heme iron content and cooking temperature. This was in agreement 
with Shricker and Miller (1983) who found a linear relationship 
between non-heme iron level in meat and time of exposure to heat 
treatment when they baked samples at 176°C for 20, 40, 60, 80 and 100 
minutes.
The same linear response (P < 0.05) was observed between those 
two variables previously described when only broiled samples were 
considered (r=0.70). Non association was detected for the two 
variables in the case of microwaved samples. This indicated that the 
action exerted by each of these two methods of cooking was different. 
Non-heme iron values obtained in microwaved samples were always 
smaller and had less variability than those of broiled samples.
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Amino acid study
The present study showed no correlations between non heme iron 
determined in-vitro, and cystine, glycine or histidine. Substantial 
work has been done in human subjects and rats concerning this topic. 
Van Campen and Cross (1969), working with rats, suggested that a poor 
absorption of iron could be due to low levels of amino acids present 
in a low protein diet. Later, Van Campen (1973) added cysteine and 
lysine to the group of amino acids that could have chelating 
properties and could maintain iron in a soluble, permeable form. 
Van Campen (1972) also found that histidine increased iron retention 
if the iron and histidine were mixed together prior to 
administration. However, retention did not increase when histidine 
was fed 24 hours prior to feeding the tracer via gastric lavage. 
Kroe et_ al (1963) reported an increase of iron absorption by humans 
subjects when diets contained high levels of histidine and lysine. 
Martinez-Torres and Layrisse (1970) found that cysteine plus 
methionine or cysteine alone enhanced iron retention from black beans 
in human subjects. The disagreement between the results obtained in 
the present study and these may have been due to the methodology used 
to measure iron retention. Mechanisms of absorption are not clearly 
understood in animals and human studies are always done with complete 
meals (standard or semisynthetic).
Statistical analysis showed differences (P < 0.05) due to method 
of cooking for each of the amino acids studied. Differences 
(P < 0.05) due to type of soy product were observed in the cases of 
aspartic acid, threonine, serine and proline. Amount of beef present 
in the mixture affected (P < 0.05) threonine, glutamic acid, alanine,
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cystine, leucine, tyrosine, lysine and histidine. Tables 26, 27 and 
28 show that dramatic changes occurred after heating the beef and 
beef-soybean samples.
Total amino acid levels showed differences (P < 0.05) due to 
method of cooking. Mixtures containing the flour product exhibited 
higher values of total amino acids than did mixtures containing 
concentrate or isolate. Amount of meat present in the mixture showed 
no effect. Results of the present study are in agreement with Pennet 
et al. (1983), who found a reduction of total free amino acid content 
of pork from 25.23 to 17.60 mg/25 g fresh weight after cooking 
samples for 15 minutes on an electric griddle heated to a surface 
temperature of 121°C. In the case of beef, they found a decrease 
from 32.77 to 30.99 mg/25g fresh weight. Most individual free amino 
acids decreased during heating, except phenylalanine and serine. 
This latter amino acid showed an increase. Baldwin et al. (1976) 
reported values of 32.5, 23.2 and 27.4 total free amino acids for raw 
beef, microwaved and oven cooked beef, respectively. Those authors 
found that free amino acid content tended to be greater in 
conventionally cooked meat (gas oven 163±3cC) than in that cooked by 
microwave.
Statistically significant differences (P < 0.05) were found for 
individual amino acids. The trend for greater amounts in convention­
ally cooked meat occurred in the case of valine, methionine, leucine, 
tyrosine, lysine, histidine and phenylalanine. Macy et_ al. (1963) 
found that important amino acids contained in lyophilized diffusates 
from aqueous extracts of beef and pork were affected by heating. 
Histidine was the only one that increased after heating.
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Table 26. Amino acid profile of raw, broiled and microwaved beef (mg/g
tissue)
Raw
Asp 14.7
Thr 8.2
Ser 8.4
Pro 7.9
Glu 25.2
Gly 10.5
Ala 8.4
Val 8.4
Cys 0.08
Meth 5.3
Iso 5.7
Leu 12.6
Tyr 4.0
Phe 8.0
Amm 0.6
Lys 17.0
Hist 5.3
Arg 15.1
Broiled Microwaved
12.1 10.2
6.2 4.5
4.9 3.7
4.5 6.2
11.5 9.7
5.6 5.2
4.1 4.6
3.8 4.1
0.08 0.08
3.9 3.3
3.7 3.1
6.5 6.6
2.7 1.9
5.8 3.8
0.5 0.5
8.6 7.4
3.6 1.8
4.2 4.2
Total 165.4 92.3 80.9
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Table 27. Amino acid profile of beef-soy mixtures (80:20) (mg/g 
tissue)
Raw Broiled Microwaved
F C I F C I F C I
Asp 17.0 15.0 18.0 13.6 9.6 8.8 13.8 10.9 10.7
Thr 8.0 8.0 10.0 9.6 7.6 3.3 6.5 5.9 4.3
Ser 8.0 9.2 8.0 10.0 6.6 2.5 6.3 5.0 3.4
Pro 7.4 5.5 6.0 5.7 4.2 5.4 5.4 4.8 6.2
Glu 28.0 26.2 30.0 15.4 21.7 19.0 21.1 12.6 21.9
Gly 10.1 10.0 10.0 6.7 7.5 3.9 9.6 5.2 3.7
Ala 9.0 6.5 10.0 5.8 6.7 3.2 7.7 4.7 3.8
Val 9.2 10.3 8.5 3.6 7.5 3.6 8.8 4.9 2.8
Cys 0.15 0.20 0.14 0.10 0.12 0.09 0.07 0.06 0.13
Meth 4.0 5.0 4.0 1.80 3.8 2.4 3.2 2.5 2.2
Iso 6.5 5.2 6.8 4.6 3.8 3.4 5.6 3.3 3.7
Leu 11.0 10.0 12.0 10.4 9.1 5.4 7.5 6.0 10.9
Tyr 3.8 3.0 3.8 2.5 2.1 1.3 3.1 1.8 1.7
Phe 10.0 9.3 9.3 8.7 6.9 5.3 7.0 5.5 4.3
Amm 0.6 0.5 0.8 0.4 0.4 0.4 0.4 0.4 0.3
Lys 5.0 8.7 7.2 4.5 6.3 2.5 3.1 4.4 2.6
Hist 5.1 4.7 5.0 2.9 2.1 1.4 2.8 2.2 1.9
Arg 15.0 13.8 16.0 11.6 11.6 3.8 9.3 5.8 4.5
157.9 151.1 165.5 117.9 117.9 75.7 121.3 86.0 89.03
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Table 28. Amino acid profile of beef-soy mixtures (90:10) (mg/g 
tissue)
Raw Broiled Microwaved
F C I F C I F C I
Asp 16.5 16.0 16.0 10.4 9.0 11.8 14.1 9.9 12.2
Thr 7.2 6.5 8.0 4.2 4.1 4.2 5.0 1.7 5.7
Ser 9.0 8.5 9.0 4.6 6.0 5.3 5.5 4.8 7.5
Pro 6.8 7.0 6.5 5.7 4.3 5.0 7.1 3.9 5.1
Glu 25.0 26.0 26.0 10.4 14.5 10.6 12.7 16.1 8.1
Gly 10.0 9.7 10.0 5.1 7.2 6.5 7.2 5.8 8.0
Ala 8.5 9.3 10.0 5.7 10.9 8.5 4.6 8.1 4.8
Val 10.1 10.5 8.5 4.4 6.3 7.3 6.0 5.6 7.4
Cys 0.05 0.05 0.07 0.07 0.12 0.12 0.12 0.05 0.09
Meth 4.2 4.5 5.0 2.2 2.7 2.2 2.7 2.3 2.3
Iso 6.8 7.0 7.0 3.5 3.4 4.1 4.0 3.6 4.1
Leu 10.0 12.3 10.0 3.5 5.6 9.6 5.6 5.9 7.5
Tyr 4.5 5.0 5.5 2.7 4.3 3.2 3.2 4.8 2.6
Phe 10.8 11.0 8.5 5.8 6.3 7.5 6.7 7.0 6.6
Amm 0.3 0.3 0.3 0.3 0.5 0.2 0.7 0.3 0.5
Lys 5.7 5.0 5.0 3.0 2.7 3.9 3.7 2.8 3.3
Hist 6.2 7.0 7.5 4.3 4.2 4.9 3.5 4.7 3.8
Arg 16.0 14.2 16.0 7.2 8.5 13.0 8.9 10.3 7.1
157.7 159.9 158.9 83.1 100.6 107.9 101.3 97.7 96.7
SUMMARY AND CONCLUSIONS
This study investigated the effects of the presence of different soy 
products, soy flour, concentrate and isolate, on the bioavailability of 
iron from beef. The influence of broiling, microwave cooking and the 
amount of beef present in beef-soy mixtures were evaluated. An in-vivo 
study using rats as experimental animals and an in-vitro study simulating 
a gastrointestinal digestion were used to evaluate iron availability. It 
was found that animals consuming diets containing various levels of 
ferrous sulfate reached higher final body weights than animals consuming 
beef and beef soy diets. An analysis of covariance confined those 
differences to only two groups of animals that consumed beef-soy diets. 
Smaller differences were observed when hemoglobin and hematocrit values 
were considered. After an analysis of covariance it was found that 
animals on the basal diet and the ones on the beef diet had the poorest 
performance. In general, the animal test showed that rats used nonheme 
iron in a more efficient way than heme iron. The presence of the soy 
product seemed to enhance the absorption of the iron present in the 
beef-soybean mixture, since the lowest hemoglobin and hematocrit values 
corresponded to animals consuming only the beef diet.
Animals on the beef-soy diets were less efficient in utilization of 
iron, as measured by hemoglobin gain per unit of iron consumed, than those 
fed different levels of ferrous sulfate. Rats consuming beef and beef-soy 
diets were equally efficient in the utilization of iron.
There was found a significant correlation (P < 0.05) between liver 
weights and final body weights. Nevertheless, no association was found 
between liver weights and hemoglobin or liver weights and hematocrit
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values. The amount of iron present in the liver of rats consuming the 
beef diet was low. This fact was attributed to the difficulty in
absorbing heme-iron by these animals. Significant correlations (P < 0.05) 
were found between liver iron and copper and liver weight. Animals 
consuming diets with supplemental iron excreted more iron and copper in 
the feces as compared to those on meat-soy mixtures. This was an
indication of better utilization of nonheme iron by the rat. Although 
consuming less total iron (as ferrous sulfate), they built better iron 
stores in the liver and excreted unutilized iron. The differences 
observed in the in-vivo and the in-vitro experiments could be attributed 
to the physiology of the animals. Rats absorb nonheme iron more
efficiently than they do heme iron.
Method of cooking, type of soy and amount of beef present in the 
mixture influenced absorption of iron as measured in vitro. Raw beef-soy 
mixtures exhibited differences as high is 50% when compared to broiled 
beef-soy mixtures. Differences observed in microwaved beef-soy mixtures 
were more pronounced. Soy flour showed a better availability than either 
soy concentrate or isolate. Cooking released a considerable amount of
iron from the heme portion of the meat. It was observed that the amount 
of nonheme iron increased at the same time that the availability of that 
iron decreased. Lower values of nonheme iron corresponded to higher 
values of colorimetric iron.
An experiment specifically designed to obtain information concerning 
the effects of temperature and methods of cooking on the release of 
nonheme iron from the heme portion of meat showed differences (P < 0.05) 
due to method and temperature. Mean values of 3.20, 5.51 and 7.79 were 
obtained for raw, microwaved and broiled beef samples, respectively. A
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significant correlation (P < 0.05) was found between nonheme iron content 
of beef and cooking temperature. The same linear trend was observed in 
the case of broiled beef. Nevertheless, this response was not manifested 
when only microwave samples were considered. The effect of microwaving 
thus seemed to be less detrimental to the heme portion of meat as compared 
to the effect of broiling.
Distinct electrophoretic patterns were observed in raw, broiled and 
microwaved beef samples. The concentration of low molecular weight 
proteins were always less in broiled samples than in microwaved samples. 
The same trend was observed in beef-soy flour mixtures. This illustrated 
that the more destructive power of broiling in relation to low molecular 
weight protein fractions was also present in the case of beef-soy flour 
mixtures.
No relationships were found between cystine, glycine or histidine 
and colorimetric iron in the beef-soy mixtures. However, method of 
cooking, affected (P < 0.05) concentration of all amino acids studied. 
Differences (P < 0.05) due to type of soy product were observed for 
aspartic acid, threonine, glutamic acid, alanine, cystine, leucine, 
tyrosine, lysine and histidine. Total amino acid content showed 
differences due to method of cooking. Mixtures containing soy flour 
exhibited higher values of total amino acids than did mixtures containing 
either soy concentrate or isolate.
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